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I. INTRODUCTION

This report describes a computer program, shown at the end of the
report, which is used to analyze the space~charge flow in an electron
or ion gun. It determines the nature of the beam profiles for practi-
cally any specified two-dimensional or axially symmetric gun eiectrode
system. The basic process that is followed is to initially assume that
the space-charge density is zero, solve LaPlace's equation by finite-
difference methods; and find the potential variation in the region of
interesﬁ shown in Fig. 1., With a knowledge of this potential variation,
the motion of charged particles from the emitter source is determined,
and the current density emitted is found by the Child-Langmuir law in
the neighborhood of the emitter. The whole process is then repeated
through several iterative cycles (solving Poisson's equation instead
of LaPlace’'s equation), until the final solution converges to a self-
consistent solution. The use of the program will be illustrated by
an example of an ion propulsion gun design.

It is beyond the scope of this report to explain the mathematical
method used; the reader is referred to the references for this.

The computer program has been written in the IBM 7090 Fortran II
programming language, which requires at least a 32,000 word core for
execution.

Subroutines of the computer program will be now listed with a

brief explanation of their function.
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II. COMPUTER PROGRAM FOR BEAM ANALYSIS

It is to be emphasized that all Fortran statements referring to

plotting may have to be changed in accordance with the particular in-

stallations where the program is being used. The statements herein

refer specifically to the plotting routines at the Stanford Computation
Center, and may not be accurate elsewhere.

Subroutines Required:

1. MAIN PNE*

Starts the program, brings in all the data input, calculates the
matrix coefficients, plots the electrode boundary points and calls UCAL
for LaPlace's solution and then MNTRI.

2. ARC

Calculates the emitter length, determines the width of the current
tubes (ARCL) and establishes the beginning trajectory coordinates (ETX,
ETY). ARC is called by MNTRI.

5. CALR

Calculates the right hand side (RHS) of the matrix equation (space-

charge density). CALR is called by MNTRI.
k. CERRCT ‘

Checks on trajectories intercepted by the electrode system.
CPRRCT is called by TRCU. >
5. EQLINE

Calculates the equipotential line coerdinates throughout the region
of interest, starting with the potential VAT, and continues by increment
of SIZE until the potential of VBT is reached for each cycle if KCY(J) > 0O R
(where J represents cycle number), otherwise, no calculation (if SIZE = O

no equipotential line coordinates calculation). EQLINE is called by UCAL.

*
@ Represents OU to distinguish from O as zero.
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6. MATRIX

Solves the matrix equation for each line, e.g., matrix eqguation

I=
I
>
b

MATRIX is called by UCAL.

7. MNTRI
Governs the whole solution once the initial (LaPlace's) potential

distribution is known. MNTRI is called by MAIN,

8. PEQ
Calculates the eguipotential line coordinates through a gilven point
NPT (NPPTX, NPATY) for current density calculation. PEQ is called by

MNTRI.

9. TRAJ

Calculates the trajectory coordinates through the region of interest

once the trajectories were initialized. TRAJ is called by TRCU.

10. TRCU
Initializes trajectories and calculates current density distribution

along the emitter. TRCU is called by MNTRI.

11. TRQQE

Prints out the RHS distribution through the region of interest for
each cycle if IX¢ > 0 and KCY(J) > O . Otherwise, no print-out.

TRAUT is called by MNTRI.




12. TWgUT

Prints out the potential distribution through the region of interest
for each cycle, if KCY(J) > O .. The final solution is printed auto-
matically. TW¢UT is called by UCAL.
13. UCAL

Solves for potential distribution inside the region of interest.

UCAL is called by MAIN for LaPlace's solution, then by MNTRI for the

space-charge-flow solution.

14. 7090 PLYTTING RPUTINES (Fortran II) for the CalComp Plotter (Stanford

University Computation Center Library Program No. 157).

A. DATA INPUT

It is recommended: that a scaled graph of the configuration to
be analyzed be drawn . as shown in Fig. 1. Attention is given to two
different sets of coordinates, e.g., x-y 1line coordinate and X,y
coordinate in inches (dimension in inches is not essential).

The first data card is the numbervéf heading cards (NH) which will
follow (e.g., identification of run by serial number, date, description,
etc.) It is particularly useful to differentiate Tepeated machine deck
executions of the program.

The second data card is as follows:

NXF total number of x-lines
NYF total number of y-lines
NEM number of X,y coordinates specifying emitter surface

(a minimm of two are required, namely,the end points).

- 5.;



NTJ
NDIM

NRL

NUL

NURL

NCHYR

IDEC

NFUL

1(6f0)

The third

number of trajectories

two-dimensional geometry < 2, axially symmetric geometry > 2
number of cycles (e.g., NRL = 2; LaPlace's solution is con-
cidered as zeroth cycle, then 2 cycles plus last cycle;
altogether 4 cycles); must be greater than O

number of iterations for LaPlace's solution

number of iterations for Poisson's solution (after last

cycle NURL used as a switch to terminate the problem)
positive, emitter coordinates are beginning trajectory coor-
dinates; negative or zero, beginning trajectory coordinates
are calculated

negative, emitter is concave (for flat emitter use IDEC < O
with XEMIT — «); zero and positive, emitter is convex

0 for the case of axial symmetry or for the case of two-
dimensional geometry when symmetry about the axis is used to
eliminate the lower half plane from the computation; 1 for the
case of two-dimensional geometry when the full problem is
congidered in the calculation.

number of lines in x-direction for which noncalculated points
(outside the region of interest, e.g., electrode) will be set
to a potential of the emitter (VA); in most cases this can be
taken to be the number of x-mesh lines up to the face of the
first electrode beyond the emitter

x-line coordinate of the test point for RHS

y-line coordinate of the test point for RHS

data card iz as follows:

positive, RHS prints out-condition to KCY > O; negative or
zero, RHS will not print out

number of x-lines to traverse to obtain equipotential line for

current density calculation; this is used for conserving time

~
- O -




in the scan for the equipotential used in the calculation
used in the calculation of emitter current density

NPﬁTX (%— and y-line coordinate of a point whose potential will be

4
NPOTY used for determining the coordinates of the equipotential line

for current density calculation.
YAXS y-coordinate of the axis of symmetry
The fourth data card shows:

KRTN number of test points (test point determines whether its
potential is lower than the emitter potential; if so, the
calculation procedes; if not, EXIT is called

KRTX
X~ and y-line coordinate of a test point.

KRTY

The fifth data card gives this information:

VAT upper potential in equipotential calculation (see definition

of subroutine EQLINE)

VBT lower potential in equipotential calculation

SIZE step size in equipotential calculation

VA emitter potential

VB highest negative potential, otherwise zero

vC y-distance in inches for y-positioning of the output plot

[VC = 10.0 (maximum width of the graph paper is 10") moves the
pen to point (0.0, 10.0) and makes that the reference point].
The sixth data card is:
HGH the largest y-coordinate (in inches) of the second elec-
trode chosen for checking on trajectories for possible

incerception



XLgW

HSL

XLSL

VD

AXX

BXX

the largest y-coordinate (in inches) of the first
electrode chosen for checking on trajectories for
possible interception (e.g., in example given, only
the second accelerator electrode was chosen to check
on trajectories)

not used

slope of a line to which normal derivative should be

zero, (see sketch below)

Electrod Line of symmetry
w )
\ 5Q=O
n

eSs
:\9

Axis of symmetry

Note: +the first calculated point of each line should be
taken directly above or on the line of symmetry and must
be identified by ND(3) > O in addition to NS =1

scaling factor for plotting purposes; H times VD gives actual

inches on plot.

The seventh data card gives:

the x-coordinate in inches where subroutine C¢RRCT
starts to check on XL¢W for possible trajectory inter-
ception

the x-coordinate in inches where subroutine C¢RRCT
stops to check on XL¢W and starts to check on HGH for

possible trajectory interception

-8 -




CXX

DXX

The eighth

the x-coordinate in inches where subroutine C¢RRCT stops
to check on HGH for possible trajectory interception

a constant — not used

the spectral radius of the matrix (the largest eigenvalue)
obtained by a separate program using essentially the same

data input (see Spectral Radius Calculation).
data card consists of:

the distance in inches from the axis (for axially geometry
only) when the axis is not part of the region of interest.

See sketch below

Focusing Electrode Electrode

Emitter —mf: ¢

V4

Idh‘ o -:;;‘(’:— SRR

Focusing Electrode ——/

Axis

Accelerator




ERS

XEMIT

XM

ATHM

VTH

VTHX

VTHY

ATX

ATY

KCY

~

The ninth

The tenth

convergence test for matrix equation. (Data output

prints EPSILHN)

x-coordinate in inches of the emitter radius (XEMIT is equal
to the emitter radius only if the emitter x-coordinate passes
through ero) and must be a very large number for a flat emitter.
mesh size in inches. (Data output prints MESH SIZE-H)

data card shows:

permittivity of free space (Data output prints EESNﬁT)
specific charge-to-mass ratio for proton (or electron)

atomic weight number of ion flow (for electron flow,

ATPM = 1.0)

transverse thermal velocity of emission

not used.

data card is as follows:

x- and y-corrdinates (in inches) of the emitter shape
(three (x,y) coordinates per card). Total number of X,y
coordinates must equal NEM, and they must follow in order

of increasing y-coordinate.

The eleventh data card gives:

positive, all print-outs occur (condition to IXP > O and
SIZE > 0) ; negative or zero, no print-outs.
Note: Last cycle (final solution) is automatically

printed out.

_ 10 -




The twelfth data card consists of electrode voltage register (7
wltages per card, 4 cards needed). Twenty-eight voltages available,
labeled from NWPLT (or NVPLT1) = 1 to NVELT (or NVALT1) = 28.

The thirteenth data card consists of the boundary points of an electrode
system. The calculation is broken up into a series of lines consisting of
simply connected interim points. There may be more than one of these lines
for each x-line. The boundary poihts are specified by proceeding from the
top to the bottom and left to right, one boundary point per card.

N = 1 the first and uppermost calculated point inside the region of

interest for each set of simply connected interim points

= 2 the last and lowermost calculated point inside the region of
interest for each simply connected set of interior points. In
case the axis of symmetry constitutes the boundary of the electrode
system as shown in Fig. 1, the whole card specifying the last
calculated point for that x-line is not necessary for any point

= 0 inside the region of interest containing any information about
the boundary of the electrode system (excluding the two cases

above for which NS = 1 and 2).

ND(l)\l specify the zero normal derivative of the potential of that
ND(2)/{ point according to the direction as shown:
‘ ND = 2
ND=3-‘ ..ND=1
Y =1

- 11 -



ND(3) >0

NXC
NYC

HEW

HNS

NVOLT

There is a possibility that Wwo normal derivatives may be
zero at one point but not more. It is also possible to set
one derivative equal to zero and specify a potential on
the same boundary card.

indicates that the boundary point faces two different

potentials, as shown below:

I
| WPLT1

—_— HEW\ HNS

NVOLT

or that the normal derivative is zero to some prescribed
line given by the slope of XLSL # O , otherwise zero
x-line coordinate of the boundary point

y-line coordinate of the boundary point

represents the distance left or right from the boundary

point to the solid boundary (electrode) in percent of

mesh size (maximum = 1.0 = one whole mesh). The distance
to the right (East) is positive, whereas the distance to
the left (West) is negative)
same ag HEW for up and down boundary. The distance up
(North) is positive, whereas the distance down (South)

ic repative

is the index number of the -oltage register specifying

the voltage of the boundary point to the left or right

- 12 -




NVﬁLTl same as NVpLT for the boundary point up or down with
ND(3) >0 . Note: In the case (NVOLT = NVOLTL) or
when the boundary point (up or down) is the only boundary

potential, it is not necessary to specify NVpLTl with

ND(3) >0 . 1In this case, it is sufficient to specify
NVOLT only.
NCHECK = 1 for the last boundary point. (This is important because

check is made on the last data card if NCHECK = 1 in case
of no, the EXIT is called). For this card one must put

NXC = NXF and NYC = NYF even if this requires a dummy card.

B. FORTRAN CODING FORM

The format of the Data Input Deck is shown on the next three pages.
C. DATA OUTPUT

The output congists of a plot shown in Fig. 2. The trajectories and
electrode boundaries are given to scale.

The Data Output print-out starts on page 235. The first three pages
consist of Data Input for the record. Every "read in" data card is
automatically printed-out with identification. Page 25 shows the in-
formation on zeroth cycle — No space-charge-ILaPlace solution. Iteration
No. = 45, indicating that 45 iterations were completed for calculating

the potential distribution, with point 731 (or x-line = 43, y-line = 17)

- 13 -
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displaying the largest error of ¢ = 25.78 . [Note:

. E(Aﬂﬁax).
£ = 1 1
+
NXF 2 NYF 2
2 2
where
AU = max (Um+l - U™
max

and m+ 1 is the last iteration number (N = total No. of points). Tt
is not, therefore, the difference in the potential of the last two
iterations. ] EPSIL¢N = 0.01 is the given error in the Data Input to
compare with € . The total length of the emitter circular arc in
inches is ARC = 0.13524 . DELTA ARC LENGTH = 0.01424 is the arc in-
crement of each current tube (or the spacing between two adjacent
trajectories). The X,Y - EMITTER prints-out coordinates of the emitter
given in the Data Input, and X,Y-BEGIN TRAJ. gives the calculated be-
ginning trajectory coordinates. (Note: No. 1 is always the first pair
of coordinates given in Data Input (X,Y-EMITTER discussed above), like-
wise the last one located along the axis.

The expression X,Y-EQUIP¢TENTIAL represents the (x,y) coordinates
in inches of the equipotential line through the given point NPPT(NPPTX,

NP¢TY) specified by the Data Input, for the current density calculation.
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The intercepts of two normals to the emitter on the equipotential line

for the current density calculation of the seventh current tube (number
shown in the last column) are X1, Yl and X2, Y2. The normals are drawn
from the points of the seventh and the eighth beginning trajectory
coordinates. The arithmetic mean distance between the emitter surface

and the eguipotential line used in the Child-Lengmuir formula for calcu-
lating the current density of the seventh current tube is represented by DX.

The current density in amp/in2 (or ampﬁunit area in the case of dif-
ferent dimensions used for unit length) is CD. The last-but-one column
displaying ~ 1 indicates that the first x-line closest to the emitter
for the seventh or for both the seventh and the eighth trajectories is
less than one half of the mesh width away, thus the trajectories have
not yet been initialized. (Here O indicates that the trajectories
have been initialized and from that point on the coordinates of the
trajectories are calculated from the potential distribution. This point
will be more apparent when the last cycle is discussed where the x-coordi-
nates are also shown.,) The order of current tubes printed, given by the
last columm, is given in order of machine calculation.

EMITTER CURRENT IN TUBES shows the total current in amps., (in two-
dimensional cases amp/in of emitter length out of paper) for each tube.
T@PTAL EMITTER CURRENT =~ 0.0023 amps (for two-dimensional cases amp/in
of emitter length out of paper).

Page 27 gives similar information on CYCLE No. 1. The only difference
from the previous page is RHTEST = 0.01825 and UTEST = 2034.5567. Here
RHTEST is the value of the RHS (right hand side of the matrix equation,

containing information on space-charge density) at the point KRH(KRHX,KRHY)
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specified in the Data Input, and UTEST is the value of the potential at
the point KRH. The information on the emitter coordinates and the be-
ginning trajectory coordinates shown for the previous cycle are not given
because they are identical. The rest of the page contains information
discussed in the previous cycle. Page &8 shows similar information for
CYCLE No. 2. Page?29 starts the information for the final solption.
The print-out of the previous cycles is given primarily for checking
purposes. Namely, RTEST must increase from cycle to cycle and must
approach an asymptotic value if the number of cycles has been allowed
to increase indefinitely (in other words, the difference between two
following cycles must be decreasing). Likewise, the indicated ERROR
must be decreasing from cycle to cycle.

Next, the information on pages 29-31 is the U-FIELD of LAST
CYCLE = (discrete potential value for each point through the region of
interest given in Fig. 1). The first column indicates the x-line number,
the next 8 columns represent the y-line number, thus defining every point
in the region of interest. Columns 10 to 17 correspond to the respective
potential values for each point given by x-line, y-line (e.g., the
potential of the point given by x-line = 8 and y-line = 6 is 1759.L447 volts.)
The X,Y CYPRDINATES @F EQUIPYTENTIAL LINES shown on pages 31-32 are
the (x,y) coordinates in inches for a given eguipotential, starting with
the potential specified by the Data Input VAT = 2000.0 and continued by
an increment given by SIZE = 500.0 until final potential given by VBT
= 500.0 is reached. The order of print-out of the coordinates is in

order of machine calculation.
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The next information given on page 32 is the coordinates of the
equipotential line for the current density (X,Y-EQUIPPTENTIAL) calcula-
tion. Then the current density for the current tubes (7, 8, 9, and 10)
are printed; this could be calculated at the station shown by X = 0.01
(for the rest of the beginning trajectory, x-coordinates are greater
than X = 0.01 and thus they could not yet be initialized). Then for
each x-line (e.g., X = 0.01) the ¥-coordinate of the initilized trajec-
tories No. 9 and No. 10 are given. (NotiCe 0 above the statement
X = 0.01 in the last-but- one column for the current density calculation
for the current tube 9 and 10 and -1 for the tube T and 8; indicating
that trajectories 7 and 8 will be initialized again on the next x-line
because the distance from the emitter to the x-line was less than one
half of a mesh size.)

The columns VX and VY correspond to the x- and y-velocities of the
ions. Pages 33 to 42 show the rest of the (x,y) coordinates of the
trajectories and their respective x~ and y-velocities. The right hand
side (RHS) of the matrix equation is shown on pages %2 to 45 for each
point. This print-out occurs because of the IX¢ > 0 specification given
in Data Input. From this RHS distribution, the current density profile
in the beam can be obtalned for any desired x-line location. For axially

symmetric geometries we have
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Thus, knowing RHS, r, h, and VX it is easy to calculate J . Similarly,

for two-dimensional geocmetries we have

The last information on page 45 contains the total current distribution
in each current tube at the emitter and finally the total emitter

current.
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DATA OUTPUT PRINT-OUT BY THE COMPUTER

DEFLECTING PLATES FOR [ON ENGINE MN0OL1 C8/702/65
NASA-LEWIS FOR F.XAVANAGH/SJONES
NXF NYF NEM NTJ NDIM  NRL NUL NURLNCOOR IDEC NFVL NCD KRHX KRHY
55 17 8 10 3 2 45 45 0 -1 9 14 2 17
I XONSPANNPOTXNPOTY YAXS
1 13 5 17 9.0
KRTN KRTX KRTY KRTX KRTY KRTX KRTY
1 2 17
VAT VBT S1zt VA Ve vC
2CC0.0C00 500.00CC S20.2020 2100.0005 =D 8.0300
HGH XLOW HSL XLStL vh
=0 C. 0800 -0 - 2362200
AXX BXX XX DXX XR
C.2800 «e32205 045499 GeS400 Je9324
RO ZPSILON XEMIT MESH SIZE - H
0. CoOLNCO00D 3.13999999 0.212800C¢0
EPSNOT XQM ATOM VTH VTHX VTHY
«88540E-11,95790F 08.13292F (3. . .
CATHODE CONORNINATES
0.0600 Ge (440 '« 2500 L0520 0.04CD Dewb2G
0.0250 0.0820 Dell4U Lell(y Jel362 3161230
0.0C20 01600 =T CelSC3
PRINT-OUT OF CYCLE NO.
-0 -0 -5 -2 -5 -0 - =2 =2 -3
vVOLT-1 -2 -3 -4 -5 -6 -7
2100.0030 Ce Je S0040JCT 282042903 1822.020C0 16CC.L000
1400.0C00 1200.0000 1C00.0000 80C.0002 67043003 4D2,0000 20Ce 00
lOOoOCOO 5000003 -"_‘a -l '3. =Je =L
=D ~Ce -N, “ue —Je e -

BOUNDARY POINT

S DF ELECTRODE SHAPP

160¢C 2 12-0.1CC 0,200 1 -, =C
Co00 2 12-0.400-0, 1 -0 =L
€G00 2 14-L.650-1, 1 - =G
€000 2 15-{.8C0-T, 1 -3 =L
GGOoOo 2 16-0G.950-¢C, 1 - =C
2600 2 17-1.000-7, 13 -~ =0
1coce 3 10-C.150 0,300 1 - -0
CCelo 3 11-C.700-1, 1 - -G
1400 4 9-C.500 0,700 1 -2 =C
1200 5 8-C.75C Cl.80" 1l -2 =C
1CCG 6 7=-0.90C C.RCH 1l -, =C
1230 7 1-C. =D 1 - =
£300 7 2=Ue -0 1 -5 =C
2300 7 3-0. =Ce 1 - =L
2300 7 4-C. -1.%03 1 -, =0
1600 7 6-CU4707 De5N7 1 -¢ =0
1200 8 1-C. =-Ce 1 =L =C
1200 9 1-Ce ~Ce 1 -z =G
1200 1¢ 1-¢C, =T 7 - =t
1200 11 1-GC, =T 9 -¢ =0
1200 12 1-0is =% 11 - -t
1200 13 1-¢, Te 13 -v =G
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1200
1200
1200
¢300
Co00
€600
GLou
£L o0
CGou
€000
cgoe
c000
1300
1060
1000
10C0O
100¢C
1000
1800
1200
CCcod
©C00
€000
CGoo
<000
cCo0
Cogo
¢Ccoo
CO0u
1200
1200
1200
1200
cCoo
C¢0J0
000
COGO
ccoo
Coou
0000
co00
1C00
1500
12C00C
1060
1060
1230
¢o00
o000
ceeo
(Ccoc
00U
¢C00
¢Coo
CCoo
1200
1200
1200
1200

14
15
16
16
16
16
16
16
16
16
16
16
17
18
19
20
21
22

24
24
24
24
24
24
24
24
24
24
25

27
28
28
28
28
28
28
28
28
28
29
29
31
32
33
34
34
24
34
34
34
34
34
34
35
36
37
38

1-2. ~Je
1-0. -0.
]..C’OG"C-
l.UOOC"’C"
1.00‘3-3.
1.000-0,
1.000=Cs
1.000=-"e
1.00C2-2.
1.000-2.
10000
10 1.00C-C.

OV @~NOHWN -

11-'3'0
11-0C.
11‘6.
11-00
11-C.
11-0.
ll-C.

1.509
l.00n
1.000
1.200
1.002
1.007
1.000

1-10000"3.
2=-1.000=2,
3-1.0CC-Ce
"r'loOOG“C‘.
5-1.003-"
6-1.007-",
7-10000"{:.
8-1.,000=Co
9-1.006-7,.
10"1.000-0.
1-0, =0
1-Ce -Ne
1-¢, -Ce
1 1-000’00
2 1000(.-0'
3 10000'9.
4 1.00C-0,
5 1.000-00
6 1.000-0C,
T 1.000-0.
8 IOOCC-T.
9 1.000-00

10-C.
10-C.
10'('.
10-C.
10-(‘0

1.207
1.00C
1. 0022
1.709
1.003

1-1.200-0,
2'1-000‘00
3-1.000-0.
4-1'306’00
5-1.00C-C.
6-1.0006=".
7-1.000-0.
8'1-000"0.
9-1000(:‘—{:"’0
1-C. -Ce
’.-00 =D
1-0- "O.
1-0. ~Ce

[ L )
[ o

fodk SN ST G BE s IE i3 gt

)
OC GO S

=0



1200 39 1-0. ~0. 3 -0 -0
1200 40 1-C. =Ce 3 -t =0
1230 41 1-C. -0 3 -t =0
1200 62 1-Ce ~Ce 3 -t -0
1200 453 1-C. -0, 3 -0 =0
1200 <=4 1-0C, =Ne 3 -0 =0
1200 &5 1-0. =Ce 3 -¢ =C
12306 46 1-C. =T 3 -u =0
1200 47 1-0. -0 3 -G =0
1200 48 1-U. bl A 3 -y -C'
1200 43 1-¢. - 3 - =0
1200 50O 1-C. =2 3 -. =C
1200 51 1-0. it 3 -6 =0
1200 52 1-0e. ' 3 -z =0
1200 53 1-0. =0 3 -~ =C
1200 5e& 1-C. =T 3 - =C
1200 55 1 1.006-0, 4 -0 =0
G005 55 2 1.0C0-0 4 - =0
(c00 55 3 1.060~C, 4 -¢ =C
LC00 55 4 1.000-7, 4 - =C
0000 55 5 1.000-0Co 4 -¢ =0
CCo0s 55 6 1.000-~C, 4 -C =C
cceo ss 7 1.000-0, 4 - =0
o000 55 8 1sNCu=0, 4 -0  =C
CG00 55 9 1.00{-TC, 4 -0 =0
CGOO0 55 10 1.002-T, 4 = =0
CCO00 55 11 1.00¢-2, 4 -y =0
CCCO 55 12 1.000-C, 4 -¢ =0
0G0 55 13 L.CCG-0, 4 - =0
(300 55 14 1.0GCU-0. 4 - =C
LC00 55 15 1.CC0-C, 4 =i =C
GO00 55 16 1.0CU-0. 4 - =C
2C00 55 17 l-CGC'-C. 4 v 1

THIS ENDS DATA CARDS
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I1I. COMPUTER PROGRAM FOR SPECTRAL RADIUS CALCULATION

(XR-CALCULATION)

The subroutines used for these calculations are:

1. MAIN QNE

Same as before, but it calls MATIN only.

2. MATIN

Calculates the largest eigenvalue.

3. MATRIX

Same as before.

=

7090 PL@TTING RPUTINES (Fortran II) for the CalComp Plotter (Stanford

University Computation Center Library Program No. 157).

A. DATA INPUT

The Data Input for this calculation is the same as for the beam
analysis program with an additional card at the end shown on page 50 of
Data Output by arrow. This card indicates how many iterations (MIT = 100)
to perform and whether the print-out for each interation is regquired

(KWR > 0).
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B. DATA OUTPUT

The print-out of Data Output consists of the Data Input (pages 48 to 50)
and then the L¢W and HIGH eigenvalues for the first two iterations. The
last two columns show the point numbers where the lowest and the highest
eigenvalue, respectively, were found. At the end the square root mean

value of XR is given (page 51).
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DATA OUTPUT PRINT-OUT BY THE COMPUTER

DEFLECTING PLATES FOR ION ENGINE NO.1 08702765
NASA-LEWIS FOR F.KAVANAGH/S.JONES
NXF NYF NEM NTJ NDIM NRL NUL NURLNCOOR IDEC NFUL NCO KRHX KRHY
55 17 8 10 3 2 45 45 0 -1 0 14 2 17
IXONSPANNPOTXNPOTY N
113 5 ar AR
0.0
KRTN KRTX KRTY KRTX KRTY KRTX KRTY
1 2 17
VAT V8T SIZe VA Ve vC
2000.0000 500.C0C0 500.0000 2100.0000 =0. 8.,0000
HGH XLOW HSL XLSL vD
-Ce. C.CSCO -C. ~Ca 2000000
A XX BXX C XX CXX XR
C.28C0 (.32C0 0.5400 C«5400 0.9804
RC EPSILON XEMIT MESH SIZE - H
Q. C.21002000 U«13999999 0.01000000
EPSNOT XQM ATOM VTH VTHX VTHY
+88540E~-11.95790E 08.13290E 03. . .
CATHODE COGCRDINATES
0.C600 Ge 0440 0.0500 0.0520 0.0400 0.0620
0.0250 0.€8¢C0 0.C140 G.1000 0.0060 0.1200
0.0020 C.1400 ~0. C.1600
PRINT-0OUT OF CYCLE NO.
-0 -0 -0 -G -0 -0 -C -0 -0 -0
VoL T~-1 -2 -3 -4 -5 -6 -7
2100.0C00 Ce O. 500.0000 2000.0000 1800.0000 1600.CC00
1400.0600 1200.0000 1000.0000 800.0000 600.0000 400.0000 200.0000
100.0CGO 5(¢.0000 -0 -0 -0 -0 -0.
-0. -C. -0. -0. -0. -0, -0
BOUNDARY POINTS OF ELECTRODE SHAPE
1000 2 12-C.10C C.200 1 -¢c -0
€020 2 13-C.400-0. 1 -0 =0
€000 2 14-C.650-0. 1 -0 =0
€000 2 15-0.800-C. 1 -0 =0
€000 2 16-(.950-0. 1 -¢ =0
2000 2 17-1.000-C. 1 -0 =0
1C00 3 1C-C.150 0.300 1 -0 =0
0C00 3 11-¢.700-C. 1 -0 =0
1000 4 9-0.50C 0.700 1 -0 -0
1000 S 8-C.75C 0.810 1 -0 =0
1000 6 7-0.900 0,800 1 -0 -0
123C 7 1-C. -Ne 1 -0 -0
G300 1 2=Ce -0 1 -0 -0
G300 7 3~C. -0, 1 -0 =0
2300 7 4-0. -1.000 1 -0 =0
1600 1 6-L.700 Ca500 1 -0 =0
1200 8 1-G. -Ce. 1 -0 =0
1200 9 1-C. -C. 1 -0 =0
1200 10 1-C. =0. 7 -0 =0
1200 11 1-C. -C. 9 -¢ =0
1200 12 1-0. -0 11 -¢ -0
1200 13 1-0. -0. 13 -0 =0
1200 14 1-G. ‘Oo 2 -0 -0
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1200
12006
€Co0
cQoo
€G220
€Goo
ca0cC
GGooo
G000
oCco
€000
1000
1000
1¢00
1€00
1600
1000
160C
1200
€C00
G000
(600
G0Co
€600
¢000
CCOoo
€Goo
el efol)
1200
1200
120C
1200
€000
{00¢C
€Coo
€000
€000
(e0G
ccnoe
cCoo
1000
10C0
1000C
1000
10040
12C0
€000
€000
000
¢000
efegeld
c000
(ooc
Lcoo
1290
1200
1260
1200
1200
1200

1-0. ~-Ce
1 l.COC-O.
2 1.C9C-3.
3 l.00C-C.
4 1.00C-0.
5 l.00C-C.
6 1.000-C,
7 1.000~-Ge.
8 1.000-0.
9 1.0C0-0.
10 1.000-C.

11-0.
ll-C.
11-C.
11-C.
11-C.
11‘00
11-00

1.000
1.092
1.000
1.000
1.090
1.000
1.000

1-1.0CC-Na
2-1.000~0.
3-1.00C-C.
4-1.00C-0.
5~1.C0u-0N.
6'1.000‘C.
T7-1.00C~-0.
8-1.000~2,
9-1.00C-Ca
1C-1.00C-0.
1-0. -0e
1-C. -C.
1-Ge -Ce
1000C-00
10000‘0.
1.00C~-0.
1.C0C-0.
1.00G-C.
1.60C-0,
I-OOC-C.
1.00C~-0.
10000-00

OO WN -~

1C-Ca
1C=-Ce
10-C.
10-C.
10-C.

1. 000
1. 600
1.000
1.000
1.090

1'10000-0.
2-1.00C-90,
3-1.C0C~0C.
4-1.000-0,
5-1.00{-C.
6-1.C00-0,
7‘10000'00
8-1.00¢-0.
9-1.C00-Ce
1-C. ~Ca
1-Ce =0
1-C. =-0e
1~Ce -0
1-0. -0
I‘CO -Gc
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-G
-0
-J
-0
-G
-0
-0
-
-G
-G
-G
-0
=C
=0
-C
-0
-C
-0
-C
-0
-0
-0
-0
-0
=0

=0

-0
-0
-0
-0
-0

-0
-U
-G

-0
-0
-G
-
-0
-0
-2
-
-0
-
-G
-G
-0
-G
-G
-C
-0
-0
=-C
-C
-C
-0



1200
12C0
1200
1200
1200
1200
1200
1200
1200
12290
1200
1200
1200
1200
1200
c000
¢o0gs
C000
0000
0000
€000
¢G0Jo
G600
€Co0
€009
LG00
€000
0000
G000
0.00
~ 2600
———> "l
LOwW
LOW
LOW
LOW
LOwW
LOW
LOW
LOW
LOW
LOW
LOwW
LOW
LOW
LOw
LOW
LOwW
LOW
LOW
LOW
LOwW
LOW
LOW
LOW
LOwW
LOwW
LOw
LOW
LOW

1-Ce ‘0-

1-C. -0.

1-C. -0

1-Ce -0

l‘Go 'Oo

1-C. =0

1-Ce. -0

1-C. -Cc

1-0. -

1-C. -0e

1-C. =Ce

1-0. T

1-Ce -0

l l.COC-C.

2 1.00C-C.

3 1.000~C.

4 10000‘0.

5 1.00C-0C.

6 1.000-0.

T 1.000-0.

8 10000—00

9 10000"00

10 10000-00

11 1.000-C.

12 1.C00-0.

13 1.000"0.

14 1,000-0.

15 1.006-0.

16 1.C3C-0.

17 1.006-0.
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH

- =0
-0 =0
-0 =0
- =0
- =G
-0 -0
-0 =0
-y =0
-G =0
-0 =0
-0 =0
-0 =0
~-¢ =0
-0 =0
-0 =0
-0 =C
-0 =0
-0 -0
-0 =0
-0 =0
-6 =0
- -0
-0 =0
-0 =C
-t -0
- =0
-C =0
- -0
-¢ -0
- =0
-0 1

P LPPILLPPLELLIDET IS VVLLULLWVWLRLWWHWW

0.06241877
0.5302060C3
0.73457834
0.75031348
0.75074767
0e75144236
0675244007
0475377956
0.7555C0042
0.75764639
0.76026683
De76341622
0.76715223
C.77153189
0.77660624
G.78241381
0.78897274
079627310
0.80426996
0.81287961
0.82197937
0.83141293
0.84100071
0.85055389
0.85989034
0.86884899
0.87730087
0.88515513
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0.99999999
0.99999996
0.99999996
0.99999996
0.99999996
0.99973973
0.99916768
0.99830127
0.99719535
0.99595493
0.994566971
0.99340408
0.99219910
0.99107761
0.99006657
0.9891785¢6
0.98857800
0.98765965
0.98701709
0.98644357
0.98593245
0.98547738
0.98507245
0.98471230
0.98439204
0.98410731
0.98385420
0.98362923

29
29

392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
392

154
188

748
T48
748
748



~

LOwW
LOW
LOW
LOwW
LOwW
LOw
LOW
LOwW
LOwW
LOW
LOW
LOwW
LOwW
LOW
LOwW
LOwW
LOwW
LOwW
LOwW
LOW
LOW
LOW

HIGH 58
HIGH 60
HIGH 62
HIGH 64
HIGH 66
HIGH 68
HIGH T0
HIGH T2
HIGH T4
HIGH T6
HIGH 78
HIGH 80
HIGH 82
HIGH 84
HIGH 86
HIGH 88
HIGH 90
HIGH 92
HIGH 94
HIGH 96
HIGH 98
HIGH 10¢C

XR=0.98144202

END OF PRUOBLEM

0.89235988
0.89889881
0.90478495
0.91005322
0.91475304
0.91894164
0.92267898
0.92602389
0.92903145
0.93175158
0.93422838
093649992
0.93859853
0.94055128
0.94238053
0.94296780
0.94326138
094353233
094372708
0.94388814
0.94401705
0.94414704
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0.98342929
0.98328237
0.98315969
0.98304868
0.98294814
0.98285712
0.98277467
0.98269998
0.98263233
0.98257105
0.98252056
0.98248880
0.98245867
0.98243012
0.98240314
0.98237771
0.98236138
0.98234868
0.98233570
0.98232382
0.98231713
0.98230983

392
392
392
392
392
392
392
392
392
392
392
392
392
392
392
323
323
306
306
289
289
289

748
782
782
782
182
782
782
782
182
782
816
816
816
8l6
816
816
850
850
850
884
884
918
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MAIN ONE —~GATA INPUT MAIN1

CSPACE-CHARGE SOLUTIUN.VLAC HAMZA MICRUOWAVE LABORATORY.

13

108

109

114

COMMUON URH,,UR T yRHyU s XT KT LINC,XR¢NTOP s NULyNLEIN)ARCLyEQXy QY
NPITy XEP g NXEP yCUs LINCLJAXsAY y VX VY DX ¢ DELY o YEP 9 XQMyH , K ISW,ETX,
ETYPTY,PTX,NAJyNTJy VA, VB, VCyNCOOR,KCHy HSL ¢ XLSL »EPS,NPOUT,
IDECyJUT yNSPANyRXyNRL yKRLy KRHy VAT y VBT y STZE9KRT o RHUP , RHDUWN »
XCUsNUT 3y MO KCY g NSWP 9 ATX ATY 3 LINC2 ¢ NXF o NYF o NURL yNJOT 4 XEMIT,
EXUsHGH 9 XLUW 9 XMPR gNEMy Ay X9 IDY 3 AXX 3 BXX 3 CXX9DXXy NOIM, YU, VTH,
VIHXyVTHY, YAXS, NFUL
CIMENSION KRT(2),JT(4000),RH{4000),

Ul4000) 4 XT{4000) ¢KT({5),LINC{150),LINCL1(150),LINC2(150),
A{180) 4 X{60),CU(40),VX(40),VY{40),KCH140),AX(40),AY (40},
ATX(40) 9ATY140) »yETX(40)yETY (40}, XCU(40) KCY(10),PTX(60),
PTY(60) '
DIMENSIOUN ND(3) ,KRTX(L0),KRTY{10),wWOLT(28)

MO=1

READ INPUT TAPE 5,100,NH

DO 13 J=1,NH

READ INPUT TAPE 5,107

WRITE UUTPUT TAPE 6,107
REAL INPUT TAPE 5,100,NXFeNYF NEM,NTJIZNCIMyNRL » NUL yNURL,

INCOGR,y IDEC, NFUL, NCO, KRHX, KRHY

JOY = NYF

WRITE OUTPUT TAPE 6,108
FORMAT(5HO NXFo5H NYF,5H NEM,5H NTJ,5H NDIM,S5H NRL,SH NUL,
15H NURL ¢y SHNCOOR,5H IDEC,5H NFUL,5H NCU,5H KRHX;5H KRHY)

WRITE OQUTPUT TAPE 6533109 NXFaNYFyNEMyNT I, NDIMsNRLyNUL s NURL

1 NCOOR s IDEC,NFULy NCUy» KRHX, KRHY

REAL INPUT TAPE 5,3C0,IXUoNSPAN,NPOTXNPUFY, YAXS
WRITE OUTPUT TAPE 06,109
FURMAT (5H0 IXOs5HNSPAN, SHENPUT X, 5HNPOTY, 8H YAXS)
WRITE OUTPUT TAPE 64311y IXUyNSPANSNPUTX,NPOTY, YAXS
REAU INPUT TAPE 5,1CO,NRTN, (KRTX{K) sKRTY(K)K=1,NRTN)
WRITE OUTPUT TAPE 6,110
FORMAT{SHOKRTN,5H KRTX,5H KRTY,5H KRTX,5H KRTY,5H KRTX,5H KRTY)
WRITE OUTPUT TAPE 6,310 yNRTNy (KRTX{K) yKRTY{K)¢K=1yNRTN)
READ INPUT TAPEL 5,102,VAT,VBT,SIZE,VA,VB,V(
WRITE OQUTPUT TAPE 6,111
FORMAT (4 X3HVAT g TX3HVB T, 6X4HSTZE y TX2HVA»8X2HVB s 8X2HVC)
WRITE UUTPUT TAPE 6,30Z,VAT,VBT,S1Z&,VA,VR,VC
READ INPUT TAPE 59102 ,HGHy XLOWIHSL 9 XLSL VD
WRTITE OUTPUT TAPE 6,112
FORMAT (4 X3HHGH ,, 6X4HXLOW y6XIHHSL 9 TX4HXLSL , TX2HVD)
WRITE GQUTPUT TAPE 6,3024HGHy XLOWHSL 4 XLSL,VD
READ INPUT TAPE 5,102 AXX9aBXXsCXXyUXXyXR
WRITE QuUIPUT TAPE 6,113
FURMAT (4X34AXX s TX3HBXX 9 TXIHC XXy TX3HDXX y TX2HXR)
WRITE CQUTPUT TAPE 643024,AXXsBXX 3CXXyUXXyXR
READ INPUT TAPE 5,8,R0O+EPSXEMITH
WRITE OUTPUT TAPE 64114
FURMAT(7X2HRO ¢ 1OXTHEPSILON,9XSHXEMIT, 6X13HMESH SIZE - H)
WRITE QUTPUT TAPE 6, 308, RO, EPS, XEMIT,H
READ INPUT TAPE 5,105,YEP s XQMyATOMyVTH,,VTHX, VTHY
WRITE QUTPUT TAPE 6,115 .
FORMAT (12X6HFPSNUT 6 X3HXQMy 6 X4HATOMy 6X3HVTH, TX4HVTHXy 6 X4HVTHY)
WRITE UUTPUT TAPE 64105,YEP+XQMsATOMyVTH,VTHX,VTHY

oOnSwN -

SW N -
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MAIN ONE —-DATA INPUT MAINL

READ INPUT TAPE 5,102, (ATX{J) yATY{J) =1, NEM)
WRITE QUTPUT TAPE 6,119
119 FORMAT (31HO CATHODE COORDINATES)
WRITE QUTPUT TAPE 64302, (ATX(J)ATY(J) s J=1yNEM)
READ INPUT TAPE 5,100,{KCY(J)}yJ=1,10)
WRITE ODUTPUT TAPE 6,120
120 FORMAT {33HO PRINT-OUT OF CYCLE NO.)
WRITE LUTPUT TAPE 6,100,{KCY{J)4J=1,10)
READ INPUT TAPE 54104, (WOLT(NN),NN=1,28)
WRITE QUTPUT TAPE 6,116
116 FORMAT(BHO VOLT-1,7X2H-2,8X2H-348X2H—%4,8X2H=5,8X2H~6,5BX2H-T)
WRITE OUTPUT TAPE 6,304, {WOLT(NN),NN=1,28)
HH=Hw#=2 €25
HT=.5¢H
H2=2.#H
XMPR=, 5% (FLOATF (NXF®NYF))##2/FLOATF (NXF##24+NYFeu2)
XQM=XQM/AT(GM
RX = H/YEP
J=1
IF (NDIM-2) 1001,1001,2005
1001 DO 1002 1=1,NYF
IF (1-1) 1006,1006,1007

1006 XT(J+3) = 0.0

XT(J¢S5) = -0.5

GO TO 1008
1007 IF (I-NYF) 1003,1005,1003
1005 XT(J+3) = =0.5

XT(J+5) = 0.0
GO TO 1008

1003 XTiJ+3) = -0.25
XT{J+5) = -0.25
1008 XT(J} = 0.25
XT(J+1) = 025
XT{J+2) = 0.25
XT(J+4) = 1.0
1002 J = J+6
GO T0 2011

2005 DD 2010 I=1,NYF
RP= FLOATF(NYF-1}sH+RU
1IF (I-1) 1009,1009,1010

1009 XT(J4+3) = 0.0
XT(J+5) = =2.0#RP
GU TO 1011

1010 IF (RP) 2009,2008,2009

2009 XT{J+5) = =(RP-HT)
XT(J+3) = ~(RP+HT)

1011 XT(J) = 1.0
XT{J+¢1l) = RP
XT{J+2) = RP
XT{J+4) = 4,0*RP

GO TO 2010

2008 XT{J)= .125
XT(J+1)=.125% H
XT(J+2)=.125%H
XT(J+3)=-.50 * H
XT(J+4)=.T5 eH
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MAIN ONE -DATA INPUT MAINL

XT(J+5)=0.
2010 J=J + 6
2011 NDD = 1
NS$SS=2
NTRIP=0
NPUNT=NYF
KRH=(KRHX~1) #*NPUNT+KRHY
NTUP=NPONT=NXF
KRT{1)=NRTN
1=2
DO 2 K=1,NRTN
KRT(I)={KRTX(K)—1)#NPONT+KRTY(K)
2 I=1+1
KT {1)=~NPONT
KT (2)=NPONT

KT(3)==1
KT (4)=0
KT{5)=+1
WRITE OUTPUT TAPE 64117
117 FORMAT{41HO BOUNDARY POINTS OF ELECTRODE SHAPE )

CALL PLOT (0.0,VC,-3)
DO 2020 NX=1,NXF
DO 2020 NY=Ll,NYF
IF (NTRIP) 2030,2040,2030
2040 READ INPUT TAPE 5,2035sNSy(ND{1)y1=1+3),NXC,NYCoHERWHNS,NVOLT,
1 NVOLT1yNCHECK
2035 FORMAT (1H 411,+21442F6.3,4215,14)
WRITE OUTPUT TAPE 64,2035,NS,(ND(I)yT=153)¢NXCoNYC,HEW,HNSyNVOLT,
1 NVOLT1,NCHECK
IF (HNS) 2031, 2032, 2031
2031 XXX=FLOATF (NXC—1)#H»VD
YYY==(FLOATF (NYC-1)—HNS) *HaVD
CALL SYMBOL {XXXsYYY,0.,07y 1250.041)
2032 IF (HEW) 2033, 2034, 2033
2033 XXX={FLOATF {NXC-1)+HEW) 2H=*VD
YYY=-FLOATF{NYC~-1)#H#VD
CALL SYMBOL (XXX,YYY,0.07, 12,0.0,1)
GO T0O 2036
2034 I+ (HNS) 2036, 2037, 2036
2037 XXX=FLOATF{NXC~1)#H=*VD
YYY=-FLOATF (NYC~]) #HsVD
CALL SYMBOL (XXXsYYY,0.07, 12,0.0,1)
2036 NTRIP = 1
KC= NPONT#(NXC-1)+NYC
2030 K= NPONT = (NX-1) +NY
IF (K-KC) 2060,2050,2060
2060 IF (NSS-1) 2070,2070,2080
2070 IF (NY-NYF) 2071,2072,2071
2072 NSS = 2
JT(K) = 1 + 6#(NY-1)
VOLT1l= FLOATF{(NXF-NX)/NXF)=*VA

GO T0 2310
207L JT(K) = 1 + 6=(NY-1)
GO TO 2020
2080 JT{K)} = 9999

IF (NX-NCO) 2081,2020,2020
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MAIN ONE —-DATA INPUT

2081
2084

2050

2052
2053

2090

2100

2200

2210

2220

2230
1004

2239

2231

2232

2233

IF (U(K)) 2020,2084,2020
U(K) =
GO TO 2020

NTRIP =
NSS=NS

0

VA

VOLT = WOULT(NVOLT)

vOLT1
HEW =

H

WOLT(NVULTL)
EWeH

HNS=HNS «H
IF (ND(3)) 2052,2052,2053

VOLTL
HN

X
x
4+ il W N

KE = K

H
H
H

H

VOLT

NPONT

KW = K-NPONT

KN=K-1
KS=K+1
JT(K)=J
IF (HEW)
Hw =
UlkwW)

2

090,2200,2100V

- HEW

GO TU 2200
HEW

HE =
UIKE)

VOLT

vOoLT

IF (HNS) 2210,2230,2220
- HNS

HS =
ULKS)

Gu TU 2230
HNS

HN =
UCKN)
IF (NUIM
XT(J) =
XT(J+1)
XT{J+2)
XT(J+3)
XT{J+5)
XT(J+4)

vOoLTl

VLTl

-2) 1004,1004,2239
({HN+HS ) # (HE+HW) ) /{16 . *HH)

noHowonn

GO TO 2233
RP= (FLOATF(NPUONT-NY))#H+RO
IF{RP)2231,2232,2231

XT(J)= (HE+HW)# (HN+HS)/ (4.#HH)

XT{J#1)=((HN+HS) /(2. #HW) ) o (RP+{ {HN-HS)/4.))

(HN+HS) /(5. #bW)

(HN+HS) /(8 .#HE)
—{HE+HW) /(B .oHN)
~ (HE+HW)/(8.#HS)
XT(J+L)I+XT{I+2)=-XTLI+3)=XT(J+5)

XT{J+2)=HW=XT(J+1)/HE

XT(JI+3)==( (HW+HE) /(2. #HN) ) #(RP+{HN/2.))
XT{J+5)=—( (HW+HE) /(2. #HS) ) #(RP-{HS/2.))
XT{J44)=XT(J+1) +XT(I+2)=XT(J+3)}=XT{J+5)
G0 TUu 2233
XT{J)= (HE+HW)#(HN/(16.%HH) )
XT(J+L)=(HN/ (8. #HW) )#H

XT(J+2)
XT(J+3)

XT(J+4)=(HN/B.»

He HN/(8.%HE)
~ He# (HE+HW)/{4.#HN)

XT(J+5)=-0.
DO 2300 [=1,2
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MAIN ONE —-UATA INPUT

2240

2250

2260

2270
2300

2311

2310
2330

2340

2350

2320
2020

4000
4001
502

118
24

11

12

10

14
15

NDA= NO(1)+1
GO TO (2300,2240,2250,2260,2270)4NDA
XT(J+1) = XT{(J+1)+ XT(J+2)
XTLJ+2) 0.0
GU TO 2300
XT{J+5) = XT(J+5) +xT(J+3)
XT(J+3) = 0.0
GO TO 2300
XTHJ+2) =XT(J+2) +XT(J+1)
XT{J+1l) =0.0
60 Tu 2300
XT(J+43) =XT{J+3) +XT(J+5)
XT(J+45) =0.0
CONTINUE
iF (ND(3)) 2310,2310,2311
XT{J) = 0.2%

XT(J+1) = 0.
XT{J+2) = XLSL
XT(J+3) = 0.
XT(J+4) = 1.
XT{J+5) = XLSL - 1.

IF (NSS-1) 2320,2330,2340
LINCL(NDD)=K

vup = VOLT1
XT(J+3) ==XT1J+3)
GO TO 2320

LINC2(NDD) =K
LINC (NDD)= 2#XMUDF(NX,2) -1
VOUWN = VOLTL
KB=LINCL1{NDD)
DO 2350 KK=KB,yK
ULKK)= YUP +(VDOWN-VUP)#FLOATF(KK-KB)/FLOATF(K-KB)
XT(J+5)= —XT(J+5)
NDD=NDD+1
J=J + 6
CONTINUE
NL IN=NDD-1
IF (NCHECK - 1) 4000,502,4000
WRITE OUTPUT TAPE 6,4001
FORMAT (24HOERROR IN BOUNDARY POINT)
CALL EXIT
WRITE OQUTPUT TAPE 6,118
FORMAT (20X20HTHIS ENDS DATA CARDS)
00 6 J=1,NTOP
RH{J)}=0.
NPUT=(NPOTX-1)#NPONT+NPOTY
IF(NCOOR) 10,10,11
DO 12 J=1,NEM
ETX(J)=ATX(J)
ETY(J)=ATY(J)
G0 TO 15
DO 14 J=1,40
ETX(J)=0.
ETY(J)=0.
CONTINUE
KRL=NRL

- 57 -

MAINL



MAIN ONE —-UDATA INPUT

C UCAL SGLVES THF MATRIX EQUATION
25 CALL UCAL

C MNFRI CALCULATES THE RHS AND TRAJECTORIES
26 CALL MNTRI

GG TO 200
8 FORMAT (4F15.8)
100 FOURMAT(L415)
101 FURMAT(6I5)
102 FURMAT(GF10.4)
103 FORMAT(1315)
104 FORMAT(TF10.4)
105 FORMAT(L0OX6EL10.5)
106 FURMAT(3F10.5)
107 FDRMAT(T72H

300 FORMAT (415, F10.6)

307 FORMATI(IH 6F10.4)

304 FORMAT(IH 7F10.4)

308 FORMAT(LH 4F15.8)

310 FURMAT{1lH 1415)

311 FURMAT(LH 415, Fl10.6)
END(1509090909091,0504U90404040,0)
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ARC CALCULATES THE BEGINNING TRAJECTORY COORDINATES

SUBROUTINE ARC

. CSPACE~CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

COMMON URH,UBJT,RHUsXToKTyLINCyXRyNTOP,NULyNLIN,ARCL+EQXEQY,
NPIT,XEP NXEPCUsLINCL,AXyAY VX, VY DXy DELYs YEP 4 XQMoHyK ISW,ETX,
ETY4PTY,PTX,NAJSNTJ,VA,VB,VC,NCOOR,KCHyHSLs XLSL,EPS,NPOT,
IDEC, JOTyNSPANyRXyNRL yKRLyKRHy VAT s VBT 3 SIZEyKRT yRHUP ,RHDOWN ,
XCUNOT gMO 4 KCY s NSWP 3 ATXy ATY, LINC2,NXFyNYF, NURL 4NJOT,XEMIT,
IXOsHGH ¢ XLOW ¢ XMPRyNEMy Ay Xy JDY y AXX 9 BXXy CXXyDXXyNDIMyVDy VTH,
VIHX,VTHY, YAXS, NFUL

| DIMENSIGON KRT{2),JT(4000),RH(4000),

U(4000) 4 XT{4000) +KT(5),LINC{150),LINCL(150),LINC2(150),

A(180),X(60)4CU(40),VXI40),4VY(40),KCH(40),AX(40),AY(40),

ATX(40) 4ATY(40) ,ETX{40),ETY(40),XCU(40),KCY(10),PTX(60]),

PTY(60)

SUM=0,

DO 1 J=2,NEM

1 SUM=SUM+SQRTF ( {ATX(J)=ATX{J=1) ) %42+ (ATY(J)=ATY(J=1))ne2)
IF (NFUL) 15,15,20
15 ARCL = FLOATF(NTJ) - 0.5
GO 10 30
20 ARCL = FLOATF(NTJ) = 1.0
30 ARCL=SUM/ARCL
ETX(1)=ATX(1)
ETY(1)=ATY (1)
HYP=ARCL
K=1

‘ J=1

‘ 10 IF(K=NTJ)3,6,6

K=K+1

XDIF=ATX(J)}-ATX(J+1)

YOIF=ATY{(J+1)-ATY(J)

. SA=SQRTFI(XDIF=#2+YDIF*#2)

IF(HYP-SA} 4,4,5
4 CSA=YDIF/SA
SNA=XDIF/SA
ETX(K)=ATX{J)=HYP2SNA
ETY(K)=ATY(J)+HYP#(CSA
HYP=ARCL+HYP
GO 70 10
5 HYP= HYP-SA
J=J+1
60 10 2
6 K=K+1
‘ NN=NTJ + 1
ETX{K)=ATX(NEM)
ETY(K)=ATY(NEM)
7 WRITE OUTPUT TAPE 6,103,SUM, ARCL
WRITE OUTPUT TAPE 6,100, (JsATX(J),ATY{(J)yJ=1,NEM)
WRITE OUTPUT TAPE 69102y (JETX(J)HETY(J)yJ=1,NN)

VS WN -

PWN -

N W

8 CONTINUE
100 FORMAT (12HOXsY=EMITTER /(T(1H ,12,2H (F5.3,1H,F5.,3,2H) }))
102 FORMAT (16HOX,Y-BEGIN TRAJ. /(T(1lH ,12,2H (F5.3,1HyF5.3,2H) )}
103 FORMAT(22HOARC,DELTA ARC LENGTH 2F10.5)

RETURN

| END(1101010'070'1'0,0'010|010'0,0)
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CALR CALCULATES RHS

SUBROUTINE CALR({KE,KED)

CSPACE-CHARGE SOLUTIONe.VLAD HAMZA MICROWAVE LABDRATIRY.

COMMON URH yUR 3 JTyRH U XT KT, LINC s XRy NTOP s NUL ¢ NLINy ARCL,EQX,EQY,

NPIT,XEP,MXEPyCUsLINCLyAXyAY VX,VY DXy DELY YEP ) XQMoHsKISW,ETX,
ETYsPTY s PTXyNAJoNTJI VA, VByVCyNCOORsKCHy HSL» XLSL +EPSyNPOT,
IDEC, JOTyNSPANyRXyNRLyKRL s KRHy VAT y VBT s SIZEsKRT» RHUP yRHOOWN
XCU,NﬂT,MO,KCY,NSWP,ATX,ATY,LINCZ,NXFyNYF.VURL,NJOT.XEHIT.
1XOHGH s XLOW ¢ XMPR yNEMy Ay Xy JDY y AXX 9 BXX s CXX 9 DXXy NDIMy VD, VTH,
VTHX,VTHY, YAXS, NFUL
DIMENSION KRT(2),JT(4000),RH(4000},
U(4000) s XT{4000) 4KT(5),LINC{1501,LINC1(150),LINC2(150),
A(ldO),X(bO)1CU(40),VX(#O)yVY(4O)iKCH(40),AX(40),AY(#O)'
ATX(40) sATY(40) yETX(40) ,ETY(40) 4 XCUL40),KCY(10),PTX(60),
PTY(60)

JE X=KE

JD=KED

IF (NFUL) 500, 500, 60

500 XEP = FLOATF(NYF-1) = H
GO0 TO 70
60 XEP = YAXS
70 DO 33 JJ=1.NAJ
J=JJ
CIF CU(J)=0.,,NO CONTRIBUTICN
IF(CU(J)) 33,33,1

[ E R R VN I

PWN -

1 IF(AY(J)+1.) 24245
2 IF(AX(1)=-BXX} 3,444
3 AY{J)=XLOW

GO 10 5
4 AY{J)=HGH

CIF CUI(NAJ),LAST TUBE
IF{J-NAJI 946433
IF(AY(JS)) 7,8,8
AY(JJ) = - AY(JJ)
HT=(XEP-AY(JJ) )
RT1=HT
XH=AY(JJ)
RT2=0,
YL =XH+HT
JX=AY(JJ)/DELY
NA=JX+JEX
NB=JD
TBL = VY(JJI)/VXJJ)
DE ATANF (TB1)
DE CUSF (DE)
WA = VX(JJ)
WB=HWA
GO T 23
9 HT=AY(J+1) -AY(J)
IF(HT)12,12,13
12 HT=-HT
XH=AY (J+1)
RT1=XEP~XH
CJX NORMALIZES Y-DISTANCES IN THE CELL
JX=XH/DELY
NB=AY(J}/DELY +1,

o~ Ww;
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WA = VX(J+1)
A We = VX(J)
‘ TBL=VY(J+1) /VX{J+1)
TB2=VY(J) /VX(J)
TBA = .5#(TB1+TB2)
DE = ATANF(TBA)
DE = COSF(DE)
GO TO 14
13 XH=AY{(J)
RT1=XEP-XH
CJX NORMALIZES Y-DISTANCES
JX=XH/DELY

WA = VX(J)

WB= VX(J+1)
TBL=VY(J+1)/VX(J+1)
TB2=VY(J)/VX(J)

TBA = .5#(TB1+782)
DE = ATANF(TRA)
DE = COSF(DE)
NB=AY(J+1) /DELY +1.
14 NA=JX+¥JEX
NB=NB+JEX
YL=XH+HT
: RT2=XEP~YL
23 DD 32 K=NA,NB
XA=K-JEX
25  XUD={XA-.5)*DELY
26  XX=XUD+DELY
YU=MAXLF (XUD,XH)
YD=MINLF (XX, YL)
IF(YD-YU)32,32,27
. 27 XA=.5#(YD+YU)
. W=WA+ {XA=XH) * (WB-WA) /HT
CCALCULATION OF RHS
IF(NDIM-2) 31,31,50

(]

non

<0 RH{K)Y=RH{K)+{YD=YU)#2,% (XEP~XA)«CU(JJ)/((HT=WeDE)®(RT14RT2))
G0 TO 32

EN Y RH(K)=RH(K)+(YD=-YU)*CU(JJ)/ (HT»W =DE)

22 CONTINUE

33 CONTINUE

38 RETURN

‘ END(141404040490414504040,0,0+0,0,0)
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CORRCT CONDITIONALLY ENDS TRAJECTORIES

SUBROUTINE CORRCT

CSPACE-CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

COMMON URH,UB 4 JTyRH U XTyKTLINC,XRsNTOP,NULsNLIN,ARCL+EQX,EQY,
NPIT,XEPsNXEPsCUyLINCLyAXgAY VX4 VY DXy DELY s YEP 4 XQMoHyKISH,ETX,
ETY PTYPTXyNAJSNTJ,VA,VB,VCyNCOORyKCHyHSLyXLSLyEPSsNPOT,
IDEC,JOT yNSPANsRXyNRLyKRLyKRH,VAT VBT ,SIZE9KRT,RHUP,RHDOWN
XCUyNOT s MO, KCY g NSWP yATX s ATY, LINC2yNXFyNYFyNURL ¢y NJOT,XEMIT,
IXOsHGH y XLOW y XMPRyNEMy Ay Xy JDY 3 AXX s BXXy CXX9y DXXyNDIMy VD, VTH,
VTHX,VTHY
DIMENSION KRT{2),JT(400C),RH{4000),

U(4C00) 2 XT(4000) +KT(5)LINCI150),LINC1(150),LINC2(150),
A(180)4X(60),CU(40),VX(40),VY(40),KCH(40),AX(40),AY(40),
ATX140) yATY(40) yETX(40) 9ETY(40),XCU{40),KCY(10),PTX(60),
PTY(60)
XLOWL = XLOW
XLOW2 = HGH
IF (AX(1) = AXX) 11,1241
1 IF (AX(1) - BXX) 1242,2
2 IF (AX(1) - CXX) 13,13,11
13 XLOWL = XLOW2
12 DO 1C J=1,NTJ
IF (AY(J) +1.) 1G410,5
5 IF (AY(J) - XLOWl) 6,10,10

C CHECK ON THE NEXT TRAJECTORY

IF (AY(J+1) +1.) 9,9,4

IF (AY(J+1} - XLOW1l) 9,9,3

AYD = AY(J+1) - AY(J)

AYDS = AY(J+1) - XLOW1

AYDL = AYD - AYDS

OV H WN -

SN

w o

CuUtJ) = CulJ) = AYDS/AYD
VX(J) = (VX(J)=AYDL + VX{J+1)#AYDS)/AYD
VY(J) = (VY(J)#=AYDL + VY(J+1)=AYDS)/AYD

c CHECK ON PREVIOUS TRAJECTORY (CASE 4)
IF (J=1) 14,14,7
7 IF (AY(J-1) - XLOWl) 14,8,8
8 AYDS = AY(J=-1) - XLOWI1
AYD = XABSF (AY{J-1) - AY(J))
AYDL = AYD - AYDS
CutJ-1) = CU(J-1)=AYDS/AYD

14 AY(J) = XLOW1
GO 70 10

9 cutd) = 0.
AY(J) = -1,

10 CONTINUE

11 RETURN

END{1,1,040,0+0,41,0+0,040,0+0,0,0)
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EQLINE SOLVES FOR THE EQUIPOTENTIALS

SUBROUTINE EQLINE

CSPACE~CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.
COMMON URH 3UB 3 JTyRH U s XT KTy LINC4XRyNTOP,NULsNLINyARCL,EQX,y EQY,

28
10

11

13

14

15
16

17
19

[ G B VU NI

S WN -~

IF

NPITyXEP,NXEP,CUJLINCLs AXyAY yVXyVY4DXoDELYy YEP o XQMyHyKISWLETX,
ETY,PTYPTX,NAJ,NTJyVA,VB,VCyNCOORyKCHyHSLy XLSL+EPS,NPOT,
IDEC s JOTyNSPAN,RXyNRLyKRLyKRHy VAT VBT, SIZE4KRTRHUP,RHDOWN,
XCUyNOT ;MO KCY NSWP o ATXy ATY,LINC2, NXFyNYFyNURL yNJOT, XEMIT,
IXOgHGH g XLOW g XMPRyNEM, Ay Xy JDY 5 AXX 9 BXXy CXXyDOXXy NDIM, VD, VTH,
VTHX, VTHY

DIMENSION KRT(2),JT(4000),RH{4000),

U(4000) yXT(4000) 2KT(5),LINC(150),LINCL{150),LINC2{150),
A(180) 4 X(60),CU(40),VX(40),VY{40),KCH{4J),AX(40),AY(40),
ATX(40) JATY(40) yETX(%0) sETY(40) 4 XCU{40)4KCY(1C),PTX(60),
PTY(60)

IF(SIZEY 1,27,1

POTEN=VAT

WRITE OUTPUT TAPE 6,101

JE= NYF + 1

JO = NYF - 1

JC= NXF-1

DX=1

DX=DX=H

BX=G,

JED=JE+JD

L=1

AX=C,

DO 22 JJ=1,JC

KS=1

AAY=(,

D0 19 K=JE,JED

IFIKS) 8,8,7

M=]

J=K=~NYF

GO T0 9

J=K-1

{ JT(K)}=9999+JT(J)-9999) 28,18,18

IF((U(XK)-POTEN) #(U{J)-POTEN)) 10,10,18
DIF=ABSF{U(J)-U(K))

IF(DIF) 13,13,11

IF(M) 12414,12

VX{L)=ABSF{U({J)-POTEN)/DIF=DX+AX

VY(L)=AAY

GO 70 15

VXIL) =AX+DX

VY(L)=AAY

GO TO 15

VX{L)=AX+DX

VY(L)= ABSF(U(J)-POTEN)/DIFsDX+AAY

IFIL-6) 17,16,16

WRITE OUTPUT TAPE 6,100,POTEN,{VXI{IL),VY{I[)y1I=1,6)

L=¢C

L=L+1

AAY=AAY+DX

CONTINUE

IF(KS) 21,21,20
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EQLINE SOLVES FOR THE EQUIPOTENTIALS

26 KS=C
M=0
JE=JE+1
GO Y0 5
21 JE=JE+JD
JED=JE+JD
BX=8X+DX
AX=AX+DX
22 CONTINUE
IF(L-2) 25,23,23
23 DO 24 J=L,6
vX(Ji=0.
24 VY(J)=C.
WRITE QUTPUT TAPE 6,100,POTEN,{VX(I),VY(I)yI=1,6)
25 POTEN=POTEN-SIZE
IF(POTEN-VBT) 2742626

26 AX=AX-BX
GO 10 2
27 RETURN
100 FORMAT(8H EQUIPOTFB8e142H 6(1H(FB.541HyFB8e5,1H)))
1C1 FORMAT(41H0 X,Y-COORDINATE OF EQUIPOTENTIAL LINES.

END(141,0,0,4740,41,0,0,0,0,0,0,0,0)
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MATRIX IS USED FOR THE FORWARD AND BACK SUBSTITUTION

SUBROUTINE MATRIX{NsAsx)

CSPACE-CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

COMMON URH UB 3 JT,RH Uy XTyKTyLINC 4 XRyNTOP,NULoNLIN, ARCL,EQX,EQY,

NPIToXEPyNXEP CU)LINCLsAXyAY3VXsVY sDXyDELY ) YEP s XQMyHyKISWLETX,
ETY PTY,PTXyNAJyNTJ VA, VB, VCyNCOORyKCHyHSL s XLSL4+EPS,NPOT,
IDECyJOT 4 NSPANJRXyNRLyKRLyKRHy VAT, VBT, SIZEsKRTyRHUP,RHDOWN,
XLUyNOT 4 MO, KCY yNSWP s ATXyATY4LINC2,NXFyNYFoNURL ¢ NJOT o XEMIT,
IXOyHGH s XLOW g XMPRy NEMy Ay X9 JDY 3 AXX ¢ BXXy CXXyDXXyNDIM,VDy VTH,
VTHX, VTHY
DIMENSION KRT(2),JT(4000),RH(4000), _
U{4000) yXT{4000) yKT(5),LINC(150),LINCL1(150),LINC2({150),
A(180)4X160),CU(40)4VX(40),VY(40),KCH{40),AX{40),AY(40),
ATX{40) yATY(40) ,ETX(40) ,ETY(40),XCU(40) ,KCY(10)},PTX(60),
PTY(60)

M=32N-2
A(M+1)=0.

A(2)=A12)/A

X=X/A
IF(N-1) 12,12,9

9 K=2

DO 10 J=4,M,3
AlJY=A(J)=A(U-1)=A(J-2)
AlJ+1)=A(J+1)/A(J)
X{K)=(X{K)=A{J-1)aX(K=1})/A(J)

Ve WN -

W N

10 K=K+1
K=K~-1
DO 11 J=1,M,3
NB=M~-J-1
K=K-1
11 X{K)=X(K)=A(NB)=X{K+1l)
12 RETURN

END(141409C+0904+1+0,0,0+0,0,0,0,0)
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MNTRI

CSPACE

oM P WN -

DN

301

CKCH=R
1
35
902

901
903

CARC C
2
3
909

CPEQ C

50
60
400

CTRCU

CALCULATES TRAJECTORIES AND RHS (FOR SOLID BEAM)

SUBROUTINE MNTRI
~CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY,
COMMON URH UR 3 JTyRHU s XT KT yLINCyXRyNTOPyNUL,NLIN,ARCLEQXsEQY,

NPIT,XEP,NXEP,CU,LINCLyAXyAY VXoVY DXy DELY,YEP XQMoHiK ISW,ETX,

ETYPTYsPTXyNAJyNTI VA, VB, VC yNCOOR$KCHyHSLy XLSLoEPS,NPOT,
IDEC, JOT,NSPAN,RXyNRLyKRLyKRHy VAT yVBT 4 SIZE4KRTyRHUP ,RHDOWN s
XCUMOT gMO G KCY g NSHPy ATX y ATY o LINC2 3 NXFyNYF, NURL ¢ NJOT XEMIT,
IXO HGH o XLOW s XMPRyNEMy Ay Xy JDY y AXX g BXX 9 CXX 9 DXXy NDIM, VDy VTH,
VTHX, VTHY, YAXS, NFUL
DIMENSION KRT(2),JT{4000),RHR{4000),
U(4000) 4 XT{4000) 4KT(5),LINC(150),LINCLI150),LINC2(150),
A11680) 4X{60),CU(40) ,VX(40),VY(40),KCH(4C),AX(40),AY(40),
ATX(40) sATY(40) JETX{40) ,ETY(40),XCU(40),KCY{10),PTX(60),
PTY(60) '
DIMENSION E1X(40),ELY(40)

DELY=H

DX=DELY

IWRL =NRL-KRL+XABSF (M0O)

DO 1 J=1,40

VY (J)=0.

VX(J)=.0001

AY (J)=0.

XCU(J) =0.

cutJ) =0,

EFLECTION PARAMETER (ADDS CNE EVERYTIME TRAJECTORY REFLECTS)

KCH{J)=-1
DO 35 J=1,60

PTX(J) =0,

PTY(J)=0.
IF (KCY(IWRL)) 903,903,902
CALL PLOT (ATX(1)#VD,-ATY(1)#VD,3)
DO 901 J=2,NEM
CALL PLOT (ATX{J)*VD,-ATY(J)#VD,2)

NAJ=NTJ

IF(NCOOR)2,2,3

ALCULATES THE EMITTER COORDINATES

CALL ARC

DO 909 J=1,NTJ
E1X{J) = ETX(J)
ELY(J) = ETYlJ)
NCOOR = 1
ALCULATES THE EQUIPOTENTIAL LINE FOR CU CALCULATION
CALL PEQ
AX(1l) = O.
JCX=NXF=-2
JEX=NYF+1

IF (NFUL) 50, 50, 60
XEP = FLOATF(NYF-1) = CX
GO TO 70
XEP = YAXS
00 22 JN=1,JCX
JO=JEX+NYF~1
AX(1) = AX(1l) + DX
CALCULATES THE CURRENT IN THE TUBES AND CALLS TRAJ
CALL TRCU(JEX,JD)}
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MNTRI CALCULATES TRAJECTORIES AND RHS (FOR SOLID BEAM)

11 CONTINUE
IF (KCY{IWRL)) 19,19,18

18 WRITE QUTPUT TAPE 64101 ,AX(1) o (KyAY{K)}oVXIK)sVY(K)sK=1,NTJI}
XP = AX{1l)
DO 906 J=1,NTJ
IF {AY(J)) 906,906,905

905 YP = AY(J)
CALL PLOT (ELX(J)#VL,-E1Y(J)*VD,3)
CALL PLOT (XP#VD,-YPs#VD,2)
ELX(JY=AX(1)
E1Y(J) = AY(J)

906 CONTINUE

CCALR CALCULATES THE RHS

19 CALL CALR (JEX,J4D)

22 JEX=JEX+NYF
IF (KCY(IWRL)) 907,907,24

24 IF (Ix0) 908,908,20
20 CALL TROUT
908 XMAX = FLOATF(NXF-1)#HeVD + 3,0

S = XMAX - 3.0
XMIN ATX{NEM) VD
YMAX ~ XEP=VD
SDX = 1.0/VD

CALL PLOT (XMAX, 0.0, =3}
DO 910 J=1,NTJ

EIX(J) = ETX(J)
e 910 ELY(J) = ETY(J)
907 SUM = 0.0

DO 10 J=1,NAJ
10 SUM=SUM+XCU(J)
305 WRITE OUTPUT TAPE 6+102,(J9XCU(J)sJ=1yNAJ)
- WRITE OQUTPUT TAPE 6,103,S5UM
304 IF(NURL)303,303,302
302 IF (NRL-KRL) 306,307,306
307 WW = SQRTF{2.#XQM#(VA-VB))
RHM = 2,#SUM/WHW
306 DO 4 J=1,NTOP
RH({J) = 5#RH({J)
IF (RHM=RH({J}) 544,4
5 RH(J) = RHM
4 CONTINUE
IF (KRL) B8,7,8
7 MO=0
KRL=1
JJ=NRL
KCY(JJI)= 777
WRITE QUTPUT TAPE 6,100

GO T0 9
8 WRITE OUTPUT TAPE 6,104,IWRL
9 RT=RH(KRH) #R X

WRITE OUTPUT TAPE 6,105,RTsU{KRH)
21 KRL=KRL-1
CUCAL SOLVES THE MATRIX EQUATION
CALL UCAL
GO T0 301
303 RETURN
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MNTRI CALCULATES TRAJECTORIES AND RHS (FOR SOLIC BEAM)

FORMAT(25H1 L A S T CYCLE )

FORMATI(3X3H X=F10.5,5H NO« TXLHY14X2HVX,14X2HVY/{16X1I5,3E15.6))
FORMAT (27THOEMITTER CURRENT IN TUBES /(7(1XI12,E14.6)))

FORMAT(25H TOTAL EMITTER CURRENT El4.6)

FORMAT(18HL C Y C L E NO. 12)

FORMAT(11HO RHTEST= F9.5,6XTHUTEST= Fll.4)
END(15040,090,041,040,040+0+040,0)
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PEGC CALCULATES THE EQUIPOTENTIAL LINE FOR THE CJRRENT DENSITY

SUBRIUTINE PEQ

CSPACE-CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATIRY.

COMMON URH,UB 3 JT4yRHyUy XToKToLINC, XRy,NTOP,NUL, NLIN, ARCL,EQX,EQY,

NPIT,XEP 4 NXEP,CUyLINCLyAXyAY VX3 VY DX, DELYy YEP ¢ XQMyHyKISWLETX,
ETYPTYPTXyNASGNT I VA, VB VCHNCNORyKCHy HSL g XLSLyEPS,NPOT,
IDEC,JOT 4 NSPAN,RXyNRL,KRLyKRH, VAT, VBT, SIZEyKRT4RHUP,RHDOWN,
XCUSNDOT g MOy KCY g NSWPp ATX g ATY, LINCZ2 ) NXFyNYFo NURL 4 NJOT o XEMIT,
IXDpAGH s XLOW ¢ XMPRyNEM) Ay Xy JDY y AXXy BXXyCXXy IXXy NDIM,VD,y VTH,
VIHX,VTHY
DIMENSION KRT(2) ,JT(400C)RH(4522),
ULeU0CT) o XT(4000) 4KTI5),LINC{15D),LINCL(15D),LINC2(150),
ACLA3) o XUADY ,CUGD) VX (40) 4VY(4D),KCH{4D),AX(40),AY(40),
ATX(40) gATY(40) 2ETX(40) yETY4D) 4 XCUL4D)4KCY(10),PTX(60),
PTY(5()

C NPOT=POINT THRYU WHICH THE EQUIPOTENTIAL LINE [S DETERMINED

POTEN=U(NPOT)

DX=H

L=0
24 AAX=D,

JE= NYF + 1

DD 28 JJ=1,NSPAN

AAY =0,

JED=JE+NYF-1

DO 27 K=JE,JED

J = K = NYF

IFC{UIK)-POTEN) ={U(J)-POTEN)) 21,21,27
21 DIF=ABSF{U(J)-U(K))

L=L+1

PTY(L)=AAY

IF(DIF) 22,26,22
22 PTX{(L)=ABSF(U(J)-POTEN) /DIF=DX+AAX

GO YO 27
26 PTX(L)=AAX+DX
27 AAY=AAY+DX

AAX=AAX+DX
28 JE = JE + NYF

DO 41 J=1,L

LL=1L-J+1

TT=0C.

Jd=LL

DO 40 I=1,LL

[F{TY-PTY(I)) 39,39,4C
39 TT=PTY{(I)

NN=1
40 CONTINUE

PP=PTY(JJ)

PTY(JJ)=TT

PTY(NN)=pPP

PP=PTX(JJ)

PTX(JJ)=PTX{NN)

PTX{NN)=PP
41 CONTINUE

DO 46 J=2,1L

IF{PTY(J)=-PTY(J-1)) 44,42,44
42 NN={ -1

WV wN -

W -
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PEQ CALCULATES THE EQUIPOTENTIAL LINE FOR THE CJRRENT DENSITY

43
44

DO 43 JJ=J,NN
PTX(JJI)I=PTX(JJI+]1)
PTY(JJ)=PTY{JJ+1)
CONTINUE

EQX=PTX(L~-1}

EQY=PTY(L-1)
D0 210 KJ=l,L
IF (PTYI(KI)-PTY(KJ+1)) 210,211,210
PM = MINLF(PTX(KJ) PTX(KJ+1))
PTX(KJ) = PM
PTX(KJ+1) = PM
CONTINUE
WRITE OUTPUT TAPE 64100, (J,PTXIJ)PTY(J)yd=1,L)
RETWRN

FORMAT{18HOX, Y=EQUIPOTENTIAL /4 {7(1H ,12,2H (F5.341HyF5.342H)

END(141404040,0,1,0,0,0,0+0,0,0,0)

- 70 -




TRAJ CALCULATES THE TRAJECTORY COORDINATES AND VELOCITIES

SUBROUTINE TRAJ(M,KE,KED)

CSPACE-CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

NS WN -

SN

COMMON URHyUB»JTyRHyUs XTyKT,LINC,XRyNTOP,NUL,NLINyARCL,EQX,EQY,
NPIT,XEPyNXEP CUsLINCL1 AXpAY3VXyVY DXgDELY,YEP ) XQMoH,KISW,ETX,
ETY,PTY,PTX,NAJyNTJIyVA,VByVCyNCOGOR,KCHyHSL »XLSL+EPS,NPOT,
IDECJOT yNSPAN,RXyNRL sKRLyKRHy VAT, VBT SIZEKRTyRHUP , RHDOWN
XCUsNOT g MOyKCY s NSWP» ATX, ATY s LINC2,NXF 4 NYF,NURL,NJOT, XEMIT,
IXOy HGH y XLOW s XMPR ¢NEMy A X9y JOY 9 AXX 9 BXX9CXXs DXXsNDIM, VD, VTH,
VTHX,VTHY
DIMENSIGON KRT(2),JT{4000),RH(4000),
U(4000),XT(4000)4KT{5),LINCI150),LINC1({150),LINC2{150),
A(180),X{60),CUL40),VX(40),VY(40),KCH{40),AX(40),AY(40),
ATX(40) 3 ATY(40) ETX{40),ETY(40),XCU(40),KCY(10)},PTX(60),
PTY{(60)

JE=KE

JED=KED

K=M

XEP = FLOATF{NYF-1)=#H
AD=AY(K)}/DX

JX=AD

XA=JX

XA=AD-XA

JP=JX+JE

JsS = 10

JQ = JP-NYF
UL=(1.-XA)#U{JQ)+XA2U(JQ+1)}
UK=(1.-XA)=U{JIP)+XARU(JP+]1)

C CALCULATION OF LEFTHAND DERIVATIVE

IF{XA-.5) 1y1,5

1 IF{JX) 2,42,3
2 YLA=2.#XA=(U(JQ+1)-U(JQ))
GO TO 4
3 YLA=(XA+.5)2U(JQ+1)=-2. #XA#U(JQ)+(XA-.5)#U(JQ-1)
4 DY=VY(K)/VX{K)
JOX=JX
GO 10 7
5 JX=JX+1
JQ=JQ+1
XA=XA-1,
IF (JX-NYF +1) 346,46
6 YLA=2,.#XA#{U(JQ-1)-U(JQ))
GO 10 4
C CALCULATION OF RIGHTHAND DERIVATIVE
7 XB=XA+DY
IF(DY) 9,9,10
8 JX=J4X-1
XB=1.+X8B
9 IF(XB+.5) 8,512,412
11 XB=X8-1.
JX=JX+1
10 IF(XB-e5) 12412,11
12 IF(JX) 14417»16
13 JX=JX+2#(1-NYF)
14 JX==JX
XB=-XB
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TRAJ CALCULATES THE TRAJECTORY COORDINATES AND VELOCITIES

15 JP=JE+JIX 300059
YRA={XB+.5)%U(JP+1)~2,#XB#U(JIP) + (XB-.5)2U(JP-1)
IF(XB) 19,20,20 300061
16 IF (JX-NYF +1) 30,18,13 :
30 IF(K~1) 32,32,15
32 IF(AX{1)~ETX(1)-2.#H) 34,34,15
34 XB=ABSF{XB)
17 JP=JE + JX
YRA=2.#XB#(U(JP+1)-ULJP)) 300064
XB=ABSF(XB) 300065
GO T0 20 300066
18 JP=JE+JX 300067
YRA=2.#XB»(U{JP-1)-U(JP)) 300068
19 JP=JpP-1 300069
XB=1.,-ABSF(XB) 300070
20 JQ = JP-NYF
USN=(1.-XB)*U(JQ)+XB=U(JQ+1) 300072
UQN=(1.-XB)#U(JP)+XBsU(JP+1) 300C73
DUX=.5#* {UK-UL-USN+UQN) 300074

DUXX = VX(K)##2-2,#XQM*DUX
IF (DUXX)} 35,436,36

35 VXB=- SQRTF(-DUXX)
GO TO 37
36 VXB = SQRTF(DUXX)
37 DT = ABSF{2.#DX/(VXB+VX(K)))
J5=45-1 300C77
C YA=Y ACCELERATION 300078
XD = .5#XQM/DX
YA=XD# (YLA+YRA) 300079
C DY=DELTA Y INCREMENT 300080
DY=DT#(VY(K)-.5*YA=DT}/0X 300081
JX=J40X 300082
IF(JS) 21421y 7 300083
21 VX(K)=VXB 300084
IF (VX(K)) 38,38,39
38 CUlK) = Q.
AY(K) = -1.
GO TO 26
39 VY(K)=VY(K)-YA=DT 300085
AY(K)=AY(K)+DY*DX 300086
C REFLECTION OF TRAJECTORIES IF QUTSIDE BOUNDS 300087
IF(AY(K))22,23,23 300088
22 AY{K)==AY(K) 300089
GO TO 25 300090
23 IF(AY{K)=-XEP) 26426424 300091
24 AY(K)=XEP+XEP-AY(K) 300092
IF(VY(K))27,427,425 300093
25 VY(K)==VY{K) 300094
27 KCH{K)=KCH(K)+1 300095
26 CONT INUE 300096
RETURN 300097

END(1,0,0,C,0,0,1,0,040,0,0,0,0,0)




TRC

U

INITIALIZES TRAJ. AND CALCULATES CURLDENSITIES

SUBROUTINE TRCU(KE,KED)

CSPACE~CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

60
50

VP WN

S W

COMMON URH,UB, JTyRH Uy XT KT, L INC,XR,NTOP,NUL,NLIN,ARCL,EQX,EQY,

NPIT,XEP4NXEPyCUyLINCL AXsAY VX9 VY DXy DELY,YEP , XQMoHyK ISW,ETX,

ETYsPTY,PTX,NAJSNTJyVA,VB,VCyNCOORyKCHyHSLy XLSL,EPS,NPOT,
IDEC,JNT,NSPANJRXyNRL;KRLyKRH, VAT VBT, SIZE,KRT yRHUP yRHDOWN
XCUNOT yMO 4 KCYNSWP 3 ATX, ATY LINC2y NXFoNYF4NURL ¢y NJOT XEMIT,
IXO3HGH s XLOW s XMPRyNEMy Ay X9 DY 5 AXXy BXXy CXX 9 DXXy NDIM,VDy VTH,
VTHX,VTHY, YAXS, NFUL
DIMENSION KRT(2),J4T{4000),RH(4000),
U(4000) 4 XT(4000) 4KT(5),LINC(150),LINCL(150),LINC2{150),
ACL1B0) 4 X(60) ,CU(40) ,VX{40) 4VY(40)KCHI{40))AX(40),AY(40),
ATX(40) JATY{40) 4ETX(40),ETY(40),XCU(40),KCY(10),PTX(60),
PTY(60)
DIMENSION US(2),UR(2)

JE X=KE

JD=KED

DO 16 K=1,NTJ

IF (NFUL) 50, 50, 60

XEP = YAXS

LiL=0

KK =K

CCHECK ON TERMINAYED TRAJECTCRIES

IF{(AY(K)+1l.) 16,416,18

CCHECK ON UNINITIALIZED TRAJECTORIES

18

[F(KCH(K))20,415,15

CCHECK IF TRAJECTORY CAN BE INITIALIZED

20
2

801

800

715
179
114
776
117

“2

43

IF (AX(1)-ETX(KK)=-4054H) 16,16,2
KK=KK+1
IF (IDEC ) 800,801,801
TB=(XEP-ETY{(KK~-1))/{XEMIT+ETX(KK~1))
ATANF (TB)
- T8
XX= ETY(KK=-1)-TB#ETX{KK-1)

GO 10O 42
TB=(XEP-ETY(KK=-1))/(XEMIT-ETX{KK-1))
DE = ATANF(TB)

XX= ETY{(KK-1)-TB#ETX(KK=-1)
JOYl= ETY{KK-1)}/0X +1.

00 777 JJ8=1,JDY

IF (PTY(JJIB)) TT74,7744775
JJC = PTY(JJBY/DX +1.

IF (JJC-JDYL1-1) 777,777,779
JJI=4J48

GO TO 776

JJ= JJB-1

JJg = Jpy

CONTINUE

IF (PTY(JJ+1)) 42,6,42

PTT = PTX(JJ)=PTX(JJ+1)
PIT=ABSF(PTT)

IF(PTT-.0001) 43,43,44

CPX = PTX(J))

CPY = ETY(KK-1) + TB#CPX

- 73 -



TRCU INITIALIZES TRAJ. AND CALCULATES CURJDENSITIES

GO T0 45
44 TA = =DX/{PTX(JJ)-PTX(JJ+1))
YY=PTY(JJ)V=-TA#PTX(JJ)
CPX=(YY=XX)}/(TB=TA)
CPY=YY+TA=CPX
IFLIDEC) 5,747
1E {(CPY=-PTY(JJ))#{CPY-PTY(JJ+1)])) B8,8,6
JJd = Jo-tL
GO 10 4
IF{PTY(JJ+1)-CPY) 3,3,8
JJ = JJ+l
GO T0 4
8 Li=LL+]
IF (LL-2)9,10,10
CTRAJECTORIES INITIALIZED .
9 AY(KK=1)=ETY(KK~1)}+TB#(AX{1)-ETX(KK~1))
XA=AY{KK=1)/DX
JX=XA
JP=JdEX+4X
AD=JX
XA=XA=AD
UP={1le-XA)#U{JP)+XA2U(JP+1)
PHI = 1.570795 - DE
IF (VA-UP) 900,901,901
300 V = - SQRTF{2.#XCMa(UP-VA))
VX(KK=-1) = V*CCSF{DE) + VTH«COSF(PHI)
[F (VX{KK-1}) 904,904,903
904 AY(KK-1) = -1,
CU(K) = 0.
KCHIK) = 0
GO 70 15
901 V=SQRTF(2.#XQM=(VA-UP))
VX(KK-1) = V#COSF(DE) + VTH#COSF(PHI)

owmd
w

W~

903 IF (IDEC) 850,4851,851

851 VY(KK-1) = = V#SINFIDE) = VTHsSINF{PHI)
GO 10 902

850 VY(KK-1)=V#SINF(DE) -~ VTH*SINF{PHI)

902 TB = VY{KK-1)/VX{KK-1}

AY(K) = ETY{KK-1) + TB#{AX{1)-ETX(KK=1))
1C us(LL) =CPX
UR(LL)=CPY
IF(K-NTJ}12,11,12
CSPECIAL FOR LAST CURRENT DENSITY
11 LL=2
US(2)=EQX
UR(2)=X:EP
PPX=o S#(ETX(KK-1)+ETX{KK) )
PX=,5 =#{US{L}+US(2))
PPY=. 5% (ETY(KK=L)+ETY(KK))
RHO = XEP - ETY(KK-1)
PY=.5 #{UR(L)+URI(2})
GO TO 31
12 IF(LL=-2)2,14,14%
14 PPX = S#{ETX(KK=2)+ETX{KK=-11))
PX=.5#{US(1)+US(2))
PPY = 5#(ETY(KK-2)+ETY(KK=-1))
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TRCU INITIALYZES TRAJ. AND CALCULATES CUR.DENSITVIES

RHO=XEP-PPY
PY=,5# (UR(1)+UR(2))
31 DEX=SQRTF ( (PX=PPX) ##2+ (PY-PPY ) #%2)
IF {IDEC) 603,604,604

603 RA = DEX/UXEMIT-ETX(NTJ+1))
IF (NDIM-2) 631,631,602

602 CR= 1.41.6%RA + 2.06%{RA%%2)
GO T0 600

631 CR= 1, +,8%RA +.66#(RA#=2)
GO TO 600

604 RA = DEX/(XEMIT+ETX(NTJI+1))
IF (NDIM-2) 605,605,606

606 CR = 1e-1,6%#RA + 2.,6%(RA%=2)
60 TO 600

605 CR = le=sB¥RA+.66#(RA#R2)

600 POTEN=UINPCT)
DELU=VA~POTEN
XK=4,/9.#YEP*SQRTF (2. #XQMeDELU) «DELY
YCU=XK/ (CReDEX%#2)

CCALCULATION OF CURRENT DENSITY

53 IF (NDIM-2) 54,54,55

54 IF (K-NTJ)} 56,57,57

56 CU(K)= YCU=ARCL
XCULK) = CUIK)

GO 10 52

57 CUIK)= «5S#=ARCL=*YCU
XCULK) = CU(K)

GO TO0 52

55 IF (K-NTJ) 17,19,19

19 CU(K) = YCU#RHO##2
XCU(K) = CU(K)=3,1416
GO TO 52

17 CU(K) = ARCL#RHO=YCU
XCUIK) = CU(K) = 6,2832

52 IF {AX{1)-ETX{(K)-o5#H}) 51,51,58

58 KCH{K) =0

51 WRITE OUTPUT TAPE 6100,US(1),US(2),UR(1),UR(2),DEX,YCU,y
1 KCH(K) ,K
GO TO 16

CTRAJ CALCULATES THE TRAJECTORIES AFTER THEY HAVE BEEN INITIALIZED
15 CALL TRAJ{K,JEX,JD)
16 CONTINUE
CALL CORRCT
RETURN
100 FORMAT(4H X1=EB8.3,4H X2=E8.3,4H Y1=EB8.3,4H Y2=EB.3,4H DX=EB.3,
14H CD=E10.4,215)
END(I!I'O’O:O.O)].y0101010l0’010'0,
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TROUT PRINTS OUT THE RHS

SUBROUTINF TROUT

CSPACE~CHARGE SOLUTIONJVLAD HAMZA MICROWAVE LABORATORY.

10

13
14

100
101
104

VP WN -

SOUN-

COMMON URH yUR, JToRH U s XTyKToLINC,XRoNTOP,NULs NL IN, ARCL,EQX,EQY,

NPIT,XEPyNXEPsCU,LINCLyAXyAY3VXsVY, DXy DELYYEP ) XQMoHsKISW,ETX,

ETYsPTY,PTX,NAJSNTI,VA,VB,VC,NCOORy KCH,HSL s XLSL,EPS,NPOT,
IDEC, JOToNSPANJRXyNRLyKRL ¢ KRH,VAT VBT SIZE,KRT yRHUPyRHDOWN
XCUNOT 4MO, KCY s NSWPyATX s ATY s LINC2 4 NXFyNYF o NURL y NJOT, XEMIT,
1 X0 yHGH y XLOW y XMPR y NEMs Ay Xy SDY y AXXy BXX 9 CXXy DXXy NDIMyVDy VTH,y
VTHX, VTHY
DIMENSION KRT(2}),JT(4000),RH(4000),
Ul4000) yXT(4000) +KT{5),LINC(150),LINC1{150),LINC2(150),
A(180) 4 X(60) sCU(4L0) 4VX(40) 4VY (4D ), KCH{40),AX(40)4AY(40),
ATX(40) JATY{40) yETX(40),ETY{40),XCU(40),KCY(10),PTX(60),
PTY(60)

DIMENSION NTY(8),NTX(150)
IF(M0) 10,3,10
K=1
WRITE OUTPUT TAPE 6,101

NN=1

DO 1 N=1,NXF

NTX(NN)=N

DO 4 J=1.NYF

NTY(K)=J

I=(N~-1)#NYF+J

PTY(K)=RH{I)#RX

K=K+1

IF (J-NYF) 13,14,14

[F (K-Q’ ‘9.2,2

DO 7 JJ=K,8

PTY(JJ)=0.0

NTY(JJ)=0

WRITE OUTPUT TAPE 64100 ,NTX(NN), (NTY(L)yL=1,8),(PTY{L)yL=1,8)
K=1

CONTINUE

NN=NN+1

CONTINUE
RETURN
WRITE OUTPUT TAPE 6,104
GO TO 10

FORMAT (1H 13,3X814,8F10.3)
FORMAT (49H0 RHS OF MATRIX EQUATION - SPACE-CHARGE DENSITY

FORMAT (25HORH-FIELD OF LAST CYCLE }

END(141,0,0,050,1,40,0,0,0,0,0,0,0)
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TWOUT PRINTS OUT THE POTENTIAL FIELD

SUBROUTINE TWOUT

CSPACE~CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

10

100
101
104

oV wWN -

W N

COMMON URH,UR,JT,RHQU,XT,KT,LINCQXR'NTOP.NUL'NLIN’ARCL:EQX'EQY'
NPT TeXEP,NXEP,CU,LINCLyAXyAY 3VXoVY DX yDELYSYEP s XQMyH KISW,ETX,
ETY PTYPTXy NAJJNT I, VA VByVCyNCOORyKCHyHSL s XLSL,EPSoNPOT,
IDEC ¢ JOT ¢ NSPANJRXyNRLyKRLyKRHy VAT, VBT ,SIZEsKRT,RHUP,RHDOWN,
XCUsNOT yMOyKCY ¢ NSWP o ATX g ATY o LINC2,NXF,NYFyNURL  NJOT, XEMIT,
IXOyHGH s XLOW s XMPRy NEMy Ay Xy JDY g AXX s BXX 9 CXX 3 DXXy NDIM,VD,s VTH,
VTHX, VTHY
DIMENSION KRT(2),J7(4C00),RH{4000),
Ul4000) 4 XT{4000) ,KT{5),LINC(150),LINC1(150),LINC2(150),
A(LB3)y X(60),CUL4G),VX(40) 4VY(40D),KCH{40),AX(40),AY(40),
ATX(40) yATY(40) yETX(40) yETY(40) 3 XCU(40) ,KCY(10),PTX(60),
PTY (60)

DIMENSION NTY(8) NTX(159)
IF(MDY 10,3,10
K=1
WRITE OQUTPUT TAPE 6,101

NN=1

DO 1 N=1,NXF

NTX(NN) =N

DO 4 J=1,NYF

NTY{(K)}=J

I=(N-1)=NYF+)

PTY(K)=U(T)

K=K+1

IF (J=-NYF) 13,14,14

IF (K=9) 4,2,2

DO 7 JJ=K,8

PTY{JJ)=0.0

NTY(JJ)=0

WRITE QUTPUT TAPE 65100 4NTX(NN)}, (NTY(L)yL=1,8),{PTY{L)sL=1,8)
K=1

CONTINUE

NN=NN+1

CONTINUE
RETURN
WRITE OUTPUT TAPE 6,104
NURL=-T7T777
GO 710 10

FORMAT (1H 13,3X814,8F10.3)

FORMAT{25H0 U-FIELD OF THIS CYCLE., )}

FORMAT(2SHOU-FIELD OF LAST CYCLE. )

END(1+4190+0+0+40,1,0,0,06,0,0,0,0,0)
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UCAL SOLVES THE MATRIX EQUATION

SUBROUTINE UCAL

CSPACE-CHARGE SDLUTION.VLAD HAMZA MICROWAVE LABORATORY.
COMMON URHoUB yJToRH Uy XToKTsLINC s XRyNTOP,NUL,NLINyARCL,EQX,EQY

oMPWN -

P WN -~

46

38

NPIT1XEP,NXEP'CU,LINC11AX,AY,VX,VY’DX'DELY'YEPQXQM,H'KISH'ETX'
ETY'pTYyPTX1NAJ'NTJ1VA’VBQVC'NCOOR9KCH1HSL’XLSL'EPSINPOT’
[DEC1JOT,NSPAN,RX,NRL,KRL:KRH.VAT:VBT'SIZE'KRT,RHUPoRHDONN.
XCU,NUT,MO,KCY:NSHP:ATX,ATY:LINCZ:NXF,NYF.VURL.NJOT.XEMIT'
[XO,HGH,XLOH,XMPR,NEM.A,XyJDY'AXX,BXX,CXX.DXX'NDIM’VD'VTHp
VTHX,VTHY

DIMENSION KRT(2),JT{4000),RH(4000),

U(400C) s XT{4000) 4KT(5) 4 LINC(150),LINCLI150),LINC2(150},
A{180),X(60) sCUL43) 4VX{40),VY(40),KCH(40),AX(40),AY(40),
ATX(@O),ATY(40)vETX(4C)1ETY(40)'XCU(4O)vKCY(lC)qPTX(bO)v
PTY(60)

IF (NRL=-KRL) 46,6,46

WRITE QUTPUT TAPE 6,1C1

XW=1e

DO 30 NLU=1,NUL

NEZ=NLU

XEP=0.

XM=,25#XR##2

NOD=1

DO 29 NL=1,NLIN

IF(LINC(NL))29429,33

33 KB=
KC=

217

22

LINC1(NL)
LINC2(NL}
Jv=1

Ju=1

DO 28 K=KB,KC
SUM=0
JZ=JT(K)

DO 22 JY=3,5
JX=JZ+JY
A(JUY =XT(JIX)
JU=Ju+l

DO 26 JY=1,5
JX=JZ+JY

IF(KT(JY))34,26,34

34

25 JH=

26

28

C MATRIX

23

C MATRIX

[FIXT(IX)) 26426425
K+KT{JY)

SUM=SUM+XT(JX) #U(JIW)
CONTINUE
X{JV)=SUM+XT(JZ)#RH(K) #RX
JV=Jv+l

CONTINUE

N=KC-KB+1

IS USED FOR THE FORWARD AND BACK SUBSTITUTIGN
CALL MATRIX (N,A(2),X)
Jv=1

DO 24 K=KB,KC
DIF=X{JV)=U(K)

JV=JV+l

EQUATION

U(K)=XW#DIF+U(K)
DIF=ARSF(DIF)
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UCAL SOLVES THE MATRIX EQUATION

21

24
29

40
31
41
36
37

3¢
42

43

49

47
1
2

[F(DIF=-XEP) 24,424,21
XEP=DIF

NXEP=K

CONTINUE

LINC (NL)==LINC(NL)
IF{XW=1s) 40,31,40
XW=1e/{le—=XMuXW)

G0 TN 41
XH=1s/(1le=2.%#X%XM)
IF(NOD) 37,37,36
NOD=)

GO 1O 338
XCON=XEP#XMPR

IF(XCON -EPS) 42,42,30
CONTINUE

KNUT=KRT(1)

J=2

DO 43 K=1,KNUT
JN=KRT(J)
IF(U(JINI=-VA) 43,49,49
J=J+1

GO TO 47

WRITE DUTPUT TAPE 6,102

WRITE OUTPUT TAPE 6,100,JN,U(JIN)

CALL EXIT

IF(NRL=-KRL) 2,41,2

NUL =NURL
IWRL=NRL~-KRL+XABSF {MO)

WRITE OUTPUT TAPE 6,104,NEZ,NXEP,XCON,EPS

IF(KCY(TWRL)) 4,4,3

C TWOUT PRINTS OQUT THE POTENTIAL FIELD

3
C EQLINE

4

100
101
102
104

CALL TWOUT

CALCULATES THE EQUIPOTENTIALS

CALL EQLINE
RETURN
FORMAT(16HO POINT NQO.=

I545X10HVOLTAGE

F1545)

FORMAT(39H1 NGO SPACE-CHARGE - LAPLACE SOLUTION )
FORMAT(31HOI CANNOT GET OUT OF THE LOOP

FORMAT(34HOITERATICON NOL/POINT/ERROR/EPSILON

END(1,1,0+0,40,0,1,0,0,0,0,0,0,0,0)
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MAIN ONE -DATA INPUT MAIN1

CSPACE-CHARGE SOLUTION.VLAD HAMZA MICROWAVE LABORATORY.

c
C

200

13

1C8

109

112

114

THIS SUBROUTINE IS GOOD FOR XR-CALCULATION ONLY
XR IS THE LARGEST EIGENVALUE OF THE MATRIX
COMMON URHyUB»JTyRH9yUs XToKT oL INC 4 XR,NTOP,NUL,NLIN,ARCL,EQX,EQY,
NPITyXEPyNXEP,CUsLINCL,AXyAY, VX, VY, DXy DELY,YEP, XQM,H,KISW,ETX,
ETY PTY,PTX,NAJyNTJIoVA,VB,VCyNCOORKCHHSL y XLSL yEPS,NPOT,
[DECyJOV,NSPANyRXsNRL,KRLKRH, VAT, VBT, SIZE,KRT 3 RHUP,RHDOWN,
XCUsNOT,MOsKCYoNSWP y ATX, ATYLINC2 4NXF 3 NYFyNURLyNJOT ¢ XEMIT,
[XOyHGH y XLOW y XMPR ¢NEM, Ay Xy JDY g AXXy BXX9CXXyDXXs NDIMy VD, VTH,
VIHX,VTHY, YAXS, NFUL
DIMENSION KRT(2),JT(4000),RH(4000),
UL4D00) o XT(4000) 4KT(S),LINC(150),LINCL(150),LINC2(150),
A(LBO) s X(6L)CULA0) ,VX{40),VY(4C),KCH(40),AX(40),AY(40),
ATX(40) ) ATY(40) ,ETX(40) 4ETY(40),XCU{4D),KCY(10),PTX(60),
PTY(61)
DIMENSION ND{3),KRTX(10),KRTY(10),WOLT{28)
MO=1
READ INPUT TAPE 5,1004NH
D0 13 J=1,NH
READ INPUT TAPE 5,1C7
WRITE OUTPUT TAPE 6,107
READ INPUT TAPE 5,100 ,NXFsNYFyNEM,NTJyNDIM,NRL ¢y NULsNURL,
INCOOR, IDEC, NFUL, NCO, KRHX, KRHY
JOY = NYF
WRITE QUTPUT TAPE 6,108
FORMAT(5H0 NXF,5H NYF,5H NEM,S5H NTJ,5H NDIM,SH NRL,5H NUL,
15H NURL ySHNCOOR,5H IDEC,5H NFUL,S5H NCO,5H KRHX,5H KRHY)
WRITE OUTPUT TAPE 69310,NXFyNYF NEM,NTJ,NDIM,NRL,NULyNURL,
1 NCOOR, IDEC,NFULy NCO, KRHX, KRHY
READ INPUT TAPE 5,3CO,IX0,NSPAN,NPOTX,NPOTY, YAXS
WRITE OUTPUT TAPE 6,109
FORMAT(5HC IX0O,S5HNSPAN,SHNPOTX,5HNPOTY, 8H YAXS)
WRITE OUTPUT TAPE 6,311,IX0,NSPAN,NPOTX,NPOTY, YAXS
READ INPUT TAPE 59 100,NRTN, {KRTX(K),KRTY(K),K=1,NRTN)
WRITE QUTPUT TAPE 6,110
FORMAT{S5HOKRTN,S5H KRTX,5H KRTY,5H KRTX,5H KRTY,5H KRTX,5H KRTY)
WRITE OUTPUT TAPE 6,310,NRTN, (KRTX{K) KRTY(K)}yK=1,NRTN)
READ INPUT TAPE 5,102,VAT,VBT,SIZE,VA,VB,VC
WRITE OUTPUT TAPE 6,111
FORMAT{4X3HVAT s TX3HVBT,6X4HSIZE,TX2HVA,BX2HVB ,,8X2HVC)
WRITE OUTPUT TAPE 6,302,VAT,VBT,SIZE,VA,VB,VC
READ INPUT TAPE 541024HGH» XLOWyHSL 9 XLSL4VD
WRITE OUTPUT TAPE 6,112
FORMAT(4X3HHGH s 6 X4HXLOWy6X3HHSL » TX4HXLSLy TX2HVD)
WRITE OUTPUT TAPE 64302,HGH,XLOW,HSL,XLSL,VD
READ INPUT TAPE S5,1C2,AXXsBXXyCXXsDXXysXR
WRITE OUTPUT TAPE 6,113
FORMAT{4X3HAXX, TX3HBXX» TX3HCXX» TX3HDXX TX2HXR)
WRITE OUTPUT TAPE 64302,AXX,BXX,CXXyDXX4XR
READ INPUT TAPE 5,8,R0+EPS,XEMIT,H
WRITE OUTPUT TAPE 6,114
FORMAT(7X2HRO y LOXTHEPSILONy 9XSHXEMIT,6X13HMESH SIZE - H)
WRITE OUTPUT TAPE 6, 308, ROy EPS, XEMIT,H
READ INPUT TAPE 591059 YEP» XQMoATOM,VTH, VTHX,,VTHY
WRITE OUTPUT TAPE 6,115

W W N

SO -
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MAIN ONE -DATA INPUT

115

119

120

1001
1006

1007
1035

1003

1008

1002

2005

1009

1010

2069

1¢11

2008

FORMAT ( 33HC

WRITE OUTPUT TAPE 6,119

FORMAT {31H2 CATHODE
WRITE OUTPUT TAPE 6,302,(ATX(J)sATY(J),J=1,NEM)
READ INPUT TAPE 5,10C,(KCY(J),J=1,10)

WRITE OUTPUT TAPE 6,120

WRITE OUTPUT TAPE 6,116

FORMAT(8HO VOLT=-1,7X2H=2,B8X2H=3,8X2H-4,8X2H~5,8X2H=-6,8X2H-7)
WRITE OUTPUT TAPE 6,304, (WOLT(NN},NN=1,28)

HH=H#»2
HT=.5%H
H2=2.%H

XMPR=,5#(FLOATF(NXF#NYF))##2/FLOATF(NXF##2+NYFs=2)

XQM=XQM/ATOM

RX = H/YEP

J=1
[F (NDIM-2)

1001,1001,2005

D0 1002 I=14NYF

IF (I-1) 1006,1006,1007
XT(J+3) = 0.9
XT(J+5) = -0.5
GO TO 1008
If (I-NYF) 1003,1005,1003
XT(J+3) = -0.5
XT(J+5) = 0.0
GO TO 1008
XT(J43) = -0.25
XT(J+5) = -0.25
XT{J) = 0.25
XT(J+1) = 0.25
XT{J+2) = 0.25
XT(J+4) = 1.0
J = J+b
G0 TO 2011

DO 2010 I=1,NYF
RP= FLOATF(NYF-1)#H+RO

IF (I-1) 1009,1009,1010
XT{J+3) = 0.0
XT(J+5) = =-2.0#RP
GO 7O 1011
IF (RP) 2009,2008,2009
XT(J+5) = -(RP=HT)
XT(J443) = —(RP+HT)
XT{J) = 1.0
XT(J+1) = RP
XT{J+2} = RP
XT(J+4) = 4.0=RP

GO TO 2019

XT{J)= .125 !

XT(J+l1=.125« H
XT(J+2)=.125=H

EORMAT(12X6HEPSNOT o 6X3HXQM, 6X4HATOM, 6X3HVTH ) TX4HVTHX s 6X4HVTHY)
WRITE OUTPUT TAPE 6,105,YEP,XQMyATOM, VTH, VTHX,VTHY
READ INPUT TAPE 5,102, (ATX(J},ATY(J),J=1,NEM)

COORDINATES)

PRINT-0UT OF CYCLE NG.)
WRITE QUTPUT TAPE 6,100,(KCY(J)sJ=1,10)
READ INPUT TAPE 5,104, (WOLT(NN),NN=1,28)
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MAIN ONE -~DATA INPUT MAIN1

2010
2011

2040

2035

2031

2032
2033

2034
2037
2036
2030
2060

2070
2072

2071

XT{J+3)=-.50 * H

XT(J+4)=.75 =H

XT{J+5)=0, ’ T1A
J=J +6

NDD = 1

NSS=2

NTRIP=0

NPONT=NYF

KRH={KRHX~1) #*NPONT+KRHY

NTOP=NPONTeNXF

KRT(1)=NRTN

I=2

DD 2 K=1,NRTN

KRT{I)=(KRTX(K)}=1)#NPONT+KRTY(K)

I=1+1
KT{1)==NPONT S17
KT{2)=NPONT S718
KT{3})=-1 S79
KT(4)=0 $80
KT{5)=+1 s81
WRITE OUTPUT TAPE 6,117
FORMAT (41HO BOUNDARY POINTS OF ELECTRODE SHAPE )

CALL PLOT (0.0,VC,-3)

DO 2020 NX=1,NXF

DO 2020 NY=1,NYF

IF (NTRIP) 2030,2040,2030

READ INPUT TAPE 5,2035,NS,(NC(I}sI=143)4NXCyNYC,HEW,HNS,NVOLT,
NVOLT1,NCHECK
FORMAT (1H 411,214,2F6.3,215,14)

WRITE OUTPUT TAPE 642035,NSs {ND(I)sI=193)sNXCoyNYCoHEWsHNSoNVOLT,
NVOLT1,NCHECK
If (HNS) 2¢31, 2032, 2031
XXX=FLOATF(NXC~-1)»#H»VD
YYY==(FLOATF(NYC~1)-HNS)#H#VD
CALL SYMBOL (XXX,YYY,0.07y 12,0.0,1)
IF (HEW) 2033, 2034, 2033
XXX=(FLOATF(NXC~1)+HEW)#H*VD
YYY=-FLOATF(NYC~1)#HaVD
CALL SYMBOL (XXXsYYY,0.07y 12,0.0,1)
GO TO 2036
IF (HNS) 2036, 2037, 2036
XXX=FLOATF(NXC-1)#HaVD
YYY==-FLOATF{NYC-1)=H#VD
CALL SYMBOL (XXXsYYY,0.07, 12,0.0,1)
NTRIP = 1

KC= NPONT#{(NXC-1)4+NYC

K= NPONT# {NX-1)+NY

IF (K-KC) 2060,2059,2060

IF (NSS-1) 2070,2070,2080

IF (NY-NYF) 2071,2072,2071
NSS = 2
JT(K) = 1 + 6#(NY-1)
VOLT1= FLOATF({NXF—NX)/NXF)=VA
GO 70 2310
JT{K) = 1 + 6#(NY-1)
GO T0 2020

- 83 -



MAIN ONE —-DATA INPUT

2G80

2081
2084

2050

2052
2C53

2090

2109
2200
2210
222G

2230
1004

2239

2231

2232

JT(K) = 9999

IF (NX-NCO) 2081,2020,2020
IF {U(K)) 2020,2084,2020
U(K) = VA

GO TO 2020

NTRIP = C

NSS=NS

VOLT = WOLT(NVOLT)
VOLT1 = WOLT(NVOLT1)
HEW = HEW#H
HNS=HNS#H
IF (ND(3)) 2052,2052,2053
VOLTL = VOLT

HN = H
HS = H
HE = H
HW = H
KE = K+NPONT
KW = K-NPONT
KN=K-1
KS=K+1
JT(K)=d
IF (HEW) 2090,2202,2100

HW = - HEW
U(KW) = VOLT
GO TO0 2200

HE = HEW
ULKE) = VOLT
IF (HNS) 2210,2230,2220

HS = - HNS
U(KS) = VOLT1
GO TO 2230

HN = HNS
U (KN} = VOLTL
IF (NDIM-2) 1004,1004,2239
XT(J) = ((HN+HS)®{HE+HW))/(16.%HH)
XT(J+1) = (HN+HS)/(8,#HW)
XT{J+2) = (HN+HS)/(8.#HE)
XT{J+3) = =(HE+HW)/(8.#HN)
XT(J45) = ~ (HE+HW}/(B8.#HS)
XTUJ+4) = XTUJ41I4XTUI+2)=-XT(J+3)-XT(JI+5)
GO TO 2233
RP= (FLOATF(NPONT-NY))*H+RO
IF(RP)2231,2232,2231

XT{J)= (HE+HW)#{HN+HS)/ (4, #HH)
XT{J+L)=({HN+HS) /(2. #HW) ) # (RP+( (HN-HS)/4.))
XT(J+2)=HW=XT(J+1)/HE

XT(J+3) == (HWHHE) /(2. #HN) ) # (RP+(HN/2. 1))
XT{J+5)=-((HW+HE ) /{2.#HS) ) #{RP-{(HS/2.))
XTUJ+4)=XT{I+1)+XTII+2)=XT(J+3)-XT(J+5)
GO 70O 2233

XT{J)= {(HE+HW)#(HN/(16.#HH)} )
XT{J+1)=(HN/{8.#HW) )#H

XT{J+2) = H# HN/(8.#HE)

XT{J+3) = - He(HE+HW)/(4.#HN)

XTUJ+4)=(HN/B.# ({HWHHE)/ (HWaHE) )+ (HE+HW)/ (4. #HN)
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MAIN ONE -DATA INPUT

2233

22490

2250

2260

2270
2300

2311

2310
2330

2340

2350

2320
2020

4000
4001

502

100
101
102
103
104
105
106
107

XT(J+5)=-0.

DO 2300 I=1,2

NDA= ND(I)+1

GO TO (2300,2240,2250,2260,2270),NDA
XT{J+1) = XT(J+l)+ XT(J+2)

XT(J+2) = 0.0

GO TO 2300
XT(J+5) = XT{J+5) +XT(J+3)
XT(J+3) = 0.0

GO TO 2300
XT(J#2) =XT(J42) +XT(J+1)

XT(J+#1l) =0.0
GG TO 2300
XT{J+3) =XT(J+3) +XT(J+5)
XT(J+5) =0.0
CONTINUE
IF (ND(3)) 2310,2310,2311
XT{J) = 0.25

XT(J+1) = 0.
XT(J+2) = XLSL
XT{J+3) = O.
XT{J+4) = 1.
XT(J+5) = XLSL - 1l.

IF (NSS-1) 2320,2330,2340
LINC1(NDD)=K

vue = VOLT1
XT(J+3) ==XT{J+3)
GO TO 2320

LINC2(NDD)=K
LINC (NDD)= 2#XMODF(NX,2) -1
VDOWN = voLT1
KB=LINC1(NDD)
DO 2350 KK=KB,K
U(KK)= VUP +{VDOWN-VUP)#FLOATF{KK-KB)/FLOATF(K~KB)
XT(J+5)= =XT(J+5)
NDD=NDD+1
J=J+6
CONTINUE
NLIN=NDD~-1
IF {NCHECK - 1) 4000,502,4000
WRITE OQUTPUT TAPE 6,4001
FORMAT (24HOERROR IN BOUNDARY POINT)}
CALL EXIT
CALL MATIN
XMAX = FLOATF({NXF-1)#HsVD + 3.0
CALL PLOT {XMAX, =VC, -3}
60 TO 200
FORMAT (4F15.8)
FORMAT(1415)
FORMAT(615)
FORMAT(6F10.4)
FORMAT(131I5)
FORMAT(7TF10.4)
FORMAT(10X6E10.5)
FORMAT(3F10.5)
FORMAT (T2H

-8 -
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MAIN ONE -DATA INPUT

1
300 FORMAT(415, Fl0.6)
302 FORMAT(1H 6F10.4)
304 FORMAT(1H 7F10.4)
308 FORMAT(1H 4F15.8)
310 FORMAT(1H 1415)
311 FORMAT(1H 415, F10.6)

END(150,0,0¢+040+1+0,0,0+0,0,0,0+0)
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MATIN CALCULAYES THE EIGENVALUE

SUBROUTIMF MATIN

CSPACE~-CHARGE SOLUTIONG.VLAD HAMZA MICROWAVE LABORATORY.

COMMON URH,UB, JTyRH U XToKTyLINC,XR,NTOP,NUL,NLIN,ARCL+EQX,EQY,
NPITyXEP NXEPyCUyLINCLyAXyAY VX VY, DXyDELY,YEP ¢y XQMyHy K ISW4ETX,
ETYSPTYPTXyNAJINTJI VA, VB, VCyNCOORyKCHyHSLyXLSLyEPS,NPOT,
IDEC,JOTyNSPAN,RX ¢ NRLyKRLyKRHy VAT 4 VBT ySIZEsKRT yRHUPyRHDOWN,,
XCUsNOT 4 MO KCY 9y NSWP yATX 9 ATY s LINC2 4 NXFyNYFyNURL yNJOTXEMIT,
IXOsHGH y XLOW o XMPR g NEMy A g Xy JOY 3 AXX 9 BXXyCXX g DXX9NDIM,VDy VTH,
VTHX, VTHY
DIMENSION KRT({2),JT(4C0G)RH(4C00),URH(4000),

UL4COC) 4 XT(4000) yKT(5) 4 LINCI150),LINC1{150),LINC2(150),
ALLED) y X(60) 4CUL40) 4 VX(40)yVY(40),KCH{40),AX(40),AY(40),
ATX(40) yATY(4D) 4ETX(40) JETY(40) 4 XCU(40),KCY(10),PTX(60),
PTY (&)

READ INPUT TAPE 5,102,MIT,KHWR

WRITE QUTPUT TAPE 6,102,MIT,KWR

C MIT=NUMBER OF ITERATIONS ON EIGENVALUE CALCULATION

C KWR=~ 0OR (J4ND INTERMEDIATE QUTPUT

C KWR=+,PRINT INTERMEDIATE ITERATIONS ON EIGENVALUE CALCULATION

C COLUMN VECTOR INITIALIZED

50 DG 45 J=1,NTOP
IF(JT(J)=-9999)44,43,43
43 URH{J) =0.

om PN -

HSWON -~

utd) = €. 0
GO 10 45
. 44 URH{J)=1.
U@J) = 0.0
46 CONTIMUE
JS=-1

C ITERATIVE LOOP
DN 41 M=1,MIT
C LOOP ON NUMBER OF LINES
DO 31 NL=1,NLIN
IF(LINCINL)Y) 23,31,23
23 KB=LINCI (ML)
KC=LINC2(NL)
Jv=1
Ju=1
DTY 13 K=KB,KC
SUM=(.
JZ=JT(K)
14 DO 15 J¥=3,5
JX=42+JY
ACJUI=XTLIX)
15 JU=Ju+1
DG 16 JYy=1,2
JX=JZ+JY
JW=K+KT(JY)
16 SUM=SUM+XT(JX) #URH (JW)
X{Jv)=Suym
JV=JV+l
13 CONTINUE
N=KC-KR+]
CALL MATRIX(N,A(2),X)
- C MATRIX IS USFD FNR THE FORWARD AND BACK SUBSTITUTION
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MATIN CALCULATES THE EIGENVALUE

Jv=1
DC 17 J=KB,KC
RH(J) =X{JV)
17 Jv=Jdv+l
31 CONTINUE
C SWITCH ALLOWING MATRIX TO BE APPLIED TWICE
IF(JS) 32,34,34
32 DO 33 J=1.NTCP
Uf{J) = URH(J)
33 URH({J)=RH(J)

GN 10 &1
% C DETERMINATIDN NF SMALLEST AND LARGEST RATIOS FOR EIGENVALUE
34 XL=Ce
XS=1.

00 29 JD=1,NTOP
IF(URH(JD))39,39,35

35 X = RH{JD)Y/U(JD)

IF(XL=X)36,37,37
36 XL=X

NNL=JD
37 IF({XS-X)39,39,38
3 XS=X

NS=JD
3g CONTINUE

IF{KWR) 51,51,52
52 WRITE QUTPUT TAPE 6,101 ,MyXS,XLoNSeNNL
51 YL=RH {NNL)

DO 40 JD=1,NTOP
40 URH(JD)=RH(JD) /YL
[F(XL-XS-5.0E-03)42+424+4%1

41 JS=-JS
42 XR=SQRTF (5% {XL+XS))

1 WRITE OUTPUT TAPE 6,103,XR

1 47 RETURN

\ 1C1 FORMAT(20H LOW HIGH 1542F13.845H
102 FORMAT(1415)
103 FORMAT(4HOXR= F10.8)

END(141y0404040,+1,040+0+40,+0,0,0,0)
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n the

the usual algebraic

two forms of subscript notation are used

For convenience,

.
°

NOTE

is

The first
, and the second employs parentheses.

flow diagrams in this Appendix.

notation, for example,

NDJ

ND(J)

for example
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ARC

13 =1

NEM .
. 2 1/2
SUM sz [(arx; - ATX; )% + (ATY, - AT:J_I)SI

S
K +J.50.5

ARCL =
ETX,Y(1) = ATX,Y(1)
HYP = ARCL

K=1

'

i 1s K< NIJ

‘ms

K=K4+1

'

XDIF = ATXJ. - ATXJ+1

- - ————— =
YDIF A’I'YJ ATYJ._._1 J=J +1

SA .3[)(1)13‘2 + YDIFC

1s HYP > SA YES HYP = HYP - SA
l NO
CSA = YDIF/SA L
SNA = XDIF/SA K=K+1
ETX(K) = ATX(J)-HYR¥BNA NN = NTJ + 1
ETY(K) = ATY(J)+HYPxCSA ETX,Y(K) = ATX,Y(NEM)

'

HYP = ARCL + HYP

CONTINUE
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(21¥ + 118) © 2Q - M -

IH

oo (vx-amx) (ax-

SRR

ax)

3 - M - IH

o (nx-ax)

+ Yy = My

Sak
s ]

IH/(VE-GM) (HX-VX) + VM = M
(nx + ax) 2/t = vy

sax
NX < dx st
ON

("IX ‘XX) NIK = aX
(HX ‘anX} XvR = NX
Flad + QX = X¥|

x1aa(z/1-vx) = anx

Xv

T+ AEQ\A:.ET
z \H-Am<§+$uma
ZEI+TA1)2/T = VAl
Txn/San = zal

4

Tl s = 1ag
T+ 0y = gn
xXa = vu
XIAq/HY = Xp
HX - JEX = TIY4
Trv = nx

z/1(zVEI+T) /1=8a
AL taL)e/1) = var

Sea/Txa = ean

Tlaa /™ xn = taz
xn = an
Tlgn =

1+ x1ae/ry = an

XTIQ/HY = X
HX - d3X = TI¥
Ty = mx

IH - = IH

q1vd

¥4 = gy
Coyn = vu

LI+ T [fU=1a
Loya/fPa = 181,
ar = an

XAL + XO = VN
x1aa/fxv = xe
IH + HX = X

0 = 214

HOH uh»« _ _

AFTX=LRY
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XIPWL = XIgW

XIgw2 = HGH

'

AX, @ AXX

CORRCT

[

1
GRl
is AXl < BXX

NO ‘ EQ

isAX > XX

YES

YES

e
T

J =1, NIJ

'

Y
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1s Afg +1 >0 X0 RETURN
= !
s AY, < xign1 O 0 CONTINHE
J \'Z
™ !
18 My +1>0 - CUy = AY, = XIgWL
‘YES Alg = - ?
1s MY, > XIPWL o CU, . = CU, , - AYDS/AYD
J-1 J-1
‘YES AYDL = AYD - AYDS
AYD =AY, - AYg AYD = |AY; | - AY ]
AYDS = AYy ) - XIgWl = - AYg + XLgwl AYDS = AY; | - XLgWL
AYDL = AYD - AYDS
NO
CU, = CU_ - AYDS/AYD
J J YES
[ | 1s AY; , < XIfWl
VXy = [VX; - AYDL + VXp ., - AYDS / AYD T
VY. = (W Y VY 1/ b
= - AYDL + - AYDS] / AYD
J J J+1 s T > 12 NO
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[

¥
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NN = CONV. I
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- WRITE "FIELD OF IAST CYCIE"

R = 1 "RHS OF MATRIX EQUATION-

SPACE CHARGE DENSITY" <t

NTY(K) = J
I=(N-1)NYF + 1
PTY (K)=RH(I)*RX

K=K+ 1

¢{isJ<mfF ]

l CONTINUE

RETURN l._.>

YES

CONTINUE

NN =

NN+ 1 1

WRITE NTX . ,

(nTY, ,L = 1,8}(PTY

L L= 1,8 K=1
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YES
is MO =0

‘NO
R =1

WRITE "U-FIELD OF THIS CYCLE"

jg—

-

N=1,NXF I

TWOUT

WRITE "FIELD OF LAST CYCLE"

h

[ NTX(NN) = N

T ‘1’
F= l,NY!F l

l#

NTY(K) = J

I = (N-1)NYF + J.
PTY (K) = U(I)
K=K+ 1

CONTINUE

NN = NN + 1 ]

PTY =NTYJJ=0,JJ=K,B

JJ

i

WRITE NTX ,

(NTY ;L = 1,8)(PTY ,L = 1,8] K= 1
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In DD Form 1473, last page of above report, initial date of period covered
by the report, given as 23 Mar '63 should read 21 Mar '63.
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